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FOREWORD 


This service manual contains diagnosis, "On-Vehicle” maintenance, light repair and 
unit repair for Long Life Vehicle Models. 

This manual should be kept in a handy place for ready reference. If properly used, 
it will meet the needs of technicians. For information concerning operating, safety and 
maintenance, refer to the USPS Long Life Vehicle Operator’s Manual. 


CAUTION 


These vehicles contain some parts dimensioned in the metric system as well 
as In the customary system. Some fasteners are metric and are very close in 
dimension to familiar customary fasteners in the inch system. It is important to . 
note that, during any vehicle maintenance procedures, replacement fasteners must- 
have the same measurements and strength as those removed, whether metric or 
customary. (Numbers on the heads of metric bolts and on surfaces of metric nuts 
indicate their strength. Customary bolts use radial lines for this purpose, while 
most customary nuts do not have strength markings.) Mismatched or incorrect 
fasteners can result in vehicle damage or malfunction, or possibly personal injury. 
Therefore, fasteners removed from the vehicle should be saved for re-use in the 
same location whenever possible. Where the fasteners are not satisfactory for re- 
use, care should be taken to select a replacement that matches the original. For 
information and assistance, see your authorized dealer. 


CHEVROLET MOTOR DIVISION 
General Motors Corporation 
Warren, Michigan 


No part of this publication may be reproduced, stored in any retrieval system or 
transmitted, in any form or by any means, including but not limited to electronic, mechanical, 
photocopying, recording or otherwise, without the prior written permission of the Chevrolet 
Motor Division of General Motors Corp. This includes all text, illustrations, tables and charts. 


CAUTION 


To reduce the chance of personal Injury and/or property damage, the following 
instructions must be carefully observed: 


Proper service and repair are Important to the safety of the service technician 
and the safe, rellable operation of all motor vehicles. If part replacement is 
necessary, the part must be replaced with one of the same part number or with an 
equlvalent part. Do not use a replacement part of lesser quality. 


The service procedures recommended and described In this service manual are 
effective methods of performing service and repair. Some of these procedures 
require the use of tools specially designed for the purpose. 


Accordingly, anyone who Intends to use a replacement part, service procedure 
or tool, which is not recommended by the vehicle manufacturer, must first 
determine that neither his safety nor the safe operation of the vehicle will be 
Jeopardized by the replacement part, service procedure or tool selected. 


It Is Important to note that this manual contalns various Cautions and Notices 
that must be carefully observed In order to reduce the risk of personal Injury 
during service or repair, or the possibility that Improper service or repalr may 
damage the vehicle or render It unsafe. It is also important to understand that 
these "Cautions" and "Notices" are not exhaustive, because It Is Impossible to 
warn of all the possible hazardous consequences that might result from failure to 
follow these Instructions. 
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The Table of Contents on this page indicates the 
sections covered in this manual. At the beginning of 
each individual section is a Table of Contents which 
gives the page number on which each major subject 
begins. 


When reference is made in this manual to a brand 
name, number, or specific tool, an equivalent product 
may be used in place of the recommended item. 


All information, illustrations and specifications 
contained in this Manual are based on the latest 
product information available at the time of publication 
approval. The right is reserved to make changes at any 
time without notice. 


NOTICE: When fasteners are removed, always 
reinstall them at the same location from which they 
were removed. If a fastener needs to be replaced, 
use the correct part number fastener for that 
application. Ifthe correct part number fastener is not 
available, a fastener of equal size and strength (or 
stronger) may be used. Fasteners that are not reused 
and those requiring thread locking compound will be 
salled out. The correct torque value must be used 
when installing fasteners that require it. If the above 
conditions are not followed, parts or system damage 
could result. 
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NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 


CONTENTS 
SUBJECT PAGE 
DIGEGIIOUON 64 6 £600 444 5 A OESHE TATA ERE ASSESS SHSVER ERED OS ERED TREE WADA ROSS SES Sa OA -1 
CAA PIG 66 ceca tees come eeeeemsewe es Terrrrer ieee ee ee ee TRITEEEC TTT ET oee- OA-1 
Engine Identification Number .........eeseceseeeens ere er wTTeLrrCTrrT Ter TT OA-2 
Venicle [ierititication NUOMDOS ..2 5 sped cs se sk 6 HS 4K RKO K REEDS A EUS O SS ETERS EDAD RED OS OA-2 
Emergency Starting Due to a Discharged Battery ............ TrTTTTrrr Tiree TEELTCr eee OA -3 
Jacking and TOWING .c.cnacceecensuen skew eesaneceeneeensemar Csdeeekawee wee ae6 oo OA-4 
Vehicle LINING PrOCOGUIGS 6s c ces see e he ee HK CHES Es CER TESSE CR REE OOS rere Tree OA-4 
Graphic Symbols ...csccccccccsssecccssseneccseses TTTTTi CTT TT TREC CTT eT OA-5 
Metric Fasteners ......... ai tay atraclartatte woeicb Gulp’ lat snilei'e’eitelal e/enwhinla'e ialaleiewileve)is Terrrrrer cy Tee --. OA-7 
Fastener Strength Identification .............. “TEES VURUCERE CUM ILL CETTE EEE TOE OA -7 
Prevailing Torque Fasteners ..... aie clW 6G WW alae Se Wie on ei Wee ere wie ele cae ee ctassenss OA =~ 8 
Six Lobed Socket Head Fasteners .........ce000005 Tree CYL LTT Ter eee -. OA-10 
Conversion Tables asics cic etek 66 cia 6 66 68 6 din se SCS EN OVER RO NTS CECA C ESHA SS ew ee eee OA - 11 
Decimal and Metric Equivalents ...........e000% Se ee ie a ee ee gar Wiisligher ww aud eis wer elece OA -12 


DESCRIPTION 


DATA PLATE 
The Payload Rating shown on the label is the 


The Data Plate located on the LH partition wall inthe | ™aximum allowable cargo load (including the weight of 
passenger compartment shows the GVWR, and the the driver and all occupants) that the vehicle can Carry 
front and rear GAWRs, and the Payload Rating of the based on all factory installed equipment on the vehicle. 
vehicle (figure 1). The Payload Rating is reduced if any accessories or 

Gross Vehicle Weight (GVW) is the weight of the other equipment is added to the vehicle after final date 
originally equipped vehicle and all items added to it of manufacture. The weight of these items should be 
after it has left the factory. This includes bodies, determined and deducted from the Payload Rating. 
accessories, fluids, the driver and all occupants; and The tires on the vehicle must be the proper size and 
the load the vehicle is carrying. The GVW must not Properly inflated for the load which you are Carrying. 
exceed the GVWR. Also, the front and rear gross axle ‘The vehicle Data Plate shows the originally equipped 
weights must not exceed the front and rear GAWRs. tire size and recommended inflation pressures. For 
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more information on tires, refer to WHEELS AND TIRES VEHICLE IDENTIFICATION 
(SEC. 3E). NUMBER (VIN) 


The VIN is the legal identifier of the vehicle. It is 
located on a plate which is attached to the top of the 
instrument panel. To find out the manufacturer, model 
and chassis type, engine type, GVW range, model year, 
plant code, and sequential number, refer to figure 3. 


USPS DATA 


—— 
|] 


F-10014 


Figure 1 — Data Plate 


ENGINE IDENTIFICATION 
NUMBER 


To determine the location of the engine I.D. number, 
refer to figure 2. 


1. Engine 1.D. 


2. Engine I.D. (Optional Location) 
F-00689 


Figure 2 — Engine I.D. Number Location — 2.5L L4_ 


Nation of Origin 
1 = US. Bulit 


Manufacturers 
G = General Motors 


Code Body Type 
oO Pickup/Panel Delivery 
Code Make 


8 Chevrolet Incomplete 


GVWR/BRAKE SYSTEM 

GVWR Range Brake System 
3001-4000 Hydraulic 
4001-5000 Hydraulic 


Line and Chassis Type 
Code Code Line 
8 


c s 
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Engine Type and Make 
Code Producer Type 
E Pontiac 25L L4 TBI 
E Pontiac  25LL4TBI 


® 1991 MODEL YEAR CHANGE BEGINNING WITH VEHICLE NUMBER 1GBCS10E0M2912017 
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Figure 3 — Vehicle Identification Number (VIN) 


EMERGENCY STARTING 
YOUR VEHICLE DUE TOA 
DISCHARGED BATTERY 


If your vehicle will not start due to a discharged 
battery, it can often be started by using energy from 
another battery — a procedure called "jump starting," 
refer to figure 4. 


NOTICE: Do not push or tow this vehicle to 
start it. Under some conditions this may 
damage the catalytic converter or other parts of 
the vehicle. Also, since this vehicle has a 12 
volt battery, be sure the vehicle or equipment 
used to jump start your engine is also 12 volt. 
Use of any other type system may damage the 
vehicle’s electrical components. 


JUMP STARTING INSTRUCTIONS 
CAUTION: Batterles produce explosive gases, 
contain corrosive acid, and supply levels of 
electrical current high enough to cause burns. 
Therefore, to reduce the risk of personal injury 
when working near a battery: 


e Always shield your eyes and avoid 
leaning over battery whenever possible. 

@ Do not expose battery to open flames or 
sparks. 

@ Be sure any batteries that have filler 


caps are properly filled with fluid. 


Make Connections in Numerical Order 


a First Jumper Cable 


Do NOT Allow 


Vehicles to Touch! Discharged 


(ou 
Make Last 
Connection on 
Engine or Frame, 
Away from Battery 


Battery in Vehicle 
with Charged Battery 


Figure 4 — Jump Starting Connections 
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e Donotallow battery acid to contact eyes 
or skin. Flush any contacted area with 
water Immediately and thoroughly, and 
get medical help. 

e Follow each step In Jump starting 
instructions. 

1. Position vehicle with good (charged) battery so that 
booster (jumper) cables will reach, but never let 
vehicles touch. Also, be sure booster cables do not 
have loose or missing insulation. 

2. In both vehicles: 

e@ Turn off ignition and all lights and accessories 
except hazard flasher or any lights needed for 
the work area. 

e Apply parking brake firmly, and shift automatic 
transmission to "Park." 

3. Making sure cable clamps do not touch any other 
metal parts, clamp one end of first booster cable to 
positive (+) terminal on one battery, and other end 
to positive terminal on other battery. Never connect 
(+) to (-) (figure 4). 

4. Clamp one end of second cable to negative (-) 
terminal of good (charged) battery and make final 
connection to a heavy metal bracket (such as 
mounting bracket for generator, on engine about 450 
millimeters (18-inches) from discharged battery. 


OC 


(©) we —f 4 


* &. 


‘minutes. 
. discharged battery. 
. Remove booster cables by. reversing above 


Make sure cables are not on or near pulleys, fans, or 
other parts that will move when engine is started. 

Start engine of vehicle with good (charged) battery 
and run engine at a moderate speed for several 
Then, start engine of vehicle that has 


installation sequence exactly. While removing each 
clamp, take care it does not touch any other metal 
while other end remains attached. 


JACKING AND TOWING 


For information on jacking and towing, refer to the 


Long Life Vehicle Operators Manual. 


VEHICLE LIFTING 
PROCEDURES 


The hoisting lift points for the LLV vehicles are shown 


in figure 5, and are described in the following 
paragraphs. 


Yy Hoist Lift Points 


Figure 5 — Vehicle Lifting Points 
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The hoist lift points for the front end are the frame 
rails between the front body mounts and the 
transmission crossmember. The vehicle hoist lift points 
for the rear end are the rear spring front hangers. 

Anytime a vehicle is lifted with a hoist, jack stands 
should be used to provide support. When supporting 
the vehicle with jack stands, the jack stands should be 
placed under the frame, the front suspension 
crossmember or the axle. 

When removing major components of the vehicle 
while the vehicle is on a hoist, the vehicle frame should 
be chained to the hoist pads in order to prevent tip-off. 


NOTICE: When jacking or lifting a vehicle, be 
certain that the lift pads do not contact the 
catalytic converter, brake lines, brake cables, 
or fuel lines. Such contact may result in 
damage or unsatisfactory vehicle performance. 


GRAPHIC SYMBOLS 


Graphic symbols are used on some controls and 
displays on the vehicle (figure 6). Many of these 
symbols are used internationally. 

Models are primarily dimensioned in the metric 
system. Many fasteners are metric and are very close 
in dimension to well-known customary fasteners in the 
inch system. It is most important that replacement 
fasteners be of the correct nominal diameter, thread 
pitch and strength. 
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US: 


WINDSHIELD ~ 
Ww. R 


é 


FASTEN 
SEAT BELTS 


CAUSTIC 
a PROTECT EYES 
oe BATTERY ACIO ee Ee 


UT ION 
IBLE INJURY 


Ne 


5 / 


MAIN SWITCH 
TRANSMISSION 
Olt TEMPERATURE sak’ alae 
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Figure 6 — Graphic Symbols 
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METRIC FASTENERS 


Original equipment metric fasteners (except "beauty" 
bolts, such as exposed bumper bolts, and cross recess 
head screws) are identified by the number marking 
indicating the strength of the material in the fastener as 
outlined later. Metric cross recess screws are identified 
by a Posidriv or Type 1A shown in figure 7. Use a 
cross recess screwdriver in Posidriv recess screw 
heads, but Type 1A cross recess screwdrivers will 
perform better. 


NOTICE: Most metric fasteners have a blue 
color coating. However, this should not be 
used as positive identification as some 
fasteners are not color coated. 


Grumman/GM Engineering Standards, along with 
other North American Industries, have adopted a 
portion of the standard metric fastener sizes defined by 
ISO (Interminal Standards Organization). This was done 
to reduce the number of fastener sizes used and yet 
retain the best strength qualities in each thread size. 
For example, the customary 1/4-20 and 1/4-28 screws 
are replaced by the metric M6.0X1 screw which has 
nearly the same diameter and has 25.4 threads per 
inch. The thread pitch is in between the customary 
coarse and fine thread pitches. 


Metric and customary thread notation differ slightly. 
The difference is shown in figure 8. 


FASTENER STRENGTH 
IDENTIFICATION 


Most commonly used metric fastener strength 
property classes are 9.8 and 10.9 with the class 
identification embossed on the head of each bolt. 
Customary (inch) strength classes range from grade 2 
to 8 with radial line identification embossed on each 
bolt head. Markings correspond to two lines less that 
the actual grade (i.e. grade 7 bolt will exhibit 5 
embossed radial lines on the bolt head). Some metric 
nuts will be marked with single digit strength 
identification numbers on the nut face. The difference 
in strength markings is shown in figure 7. 


. Grade 2 (GM 200-M) 


. Grade 5 (GM 280-M) 

. Grade 7 (GM 290-M) 

. Grade 8 (GM 300-M) 

. Manufacturer's Identification 
. Nut Strength Identification 


. Identification Marks 
(Posidriv Screw Head) 


5 


rq 
td 
9.8 —) 
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Figure 7 — Bolt and Nut Identification 


When replacing metric fasteners, be careful to use 
bolts and nuts of the same strength or greater than the 
original fasteners (the same number marking or higher). 
It is likewise important to select replacement fasteners 
of the correct size. Correct replacement bolts metric 
fasteners available in the aftermarket parts channels 
were designed to metric standards of countries other 
than the United Sates, and may be of a lower strength, 
may not have the numbered head marking system, and 
may be of a different thread pitch. The metric fasteners 
used on LLV’s are designed to new, international 
standards that may not yet be manufactured by some 
non-domestic bolt and nut suppliers. In general,except 
for special application, the common sizes and pitches 
are: 

M 6.0 x 1 
M 8x 1.25 


M 10 x 1.5 
M 12 x 1.7 
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. Customary Bolt—/4-20 

. Metric Bolt—M6.0x1 

. Va-inch 

. 6mm 

. 20 Threads Per Inch 

. 1 Thread Per Millimeter 
(25.4 Threads Per Inch) 
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Figure 8 — Thread Notation 
PREVAILING TORQUE FASTENERS 


A prevailing torque nut is designed to develop an 
interference between the nut and bolt threads. This is 
most often accomplished by distorting the top of an all- 
metal nut or a nylon insert may be used as a method of 
interference between nut and bolt threads (figure 9). 


A prevailing torque bolt is designed to develop an 
interference between the bolt and nut threads, or the 
threads of a tapped hole. This is accomplished by 
distorting some of the threads or by using a nylon 
patch or adhesive (figure 9). 


RECOMMENDATIONS FOR REUSE: 

1. Clean, unrusted prevailing torque nuts and bolts 
may be reused as follows: 

a. Clean dirt and other foreign material off nut 
or bolt.: 

b. Inspect nut or bolt to insure there are no 
cracks, elongation, or other signs of abuse 
or overtightening. (If there is any doubt, 
replace with a new prevailing -torque 
fastener of equal or greater strength). 

c. Assemble parts and hand start nut or bolt. 

d. Observe that, before fastener seats, it 
develops torque per chart in figure 9 (if 
there is any doubt, replace with a new 
prevailing torque fastener of equal or greater 
strength). 

e. Tighten fastener to torque specified in 
appropriate section of this manual. 

2. Bolts and nuts which are rusty or damaged should 
be replaced with new parts of equal or greater 
strength. 

@ Markings correspond to two lines less than 
actual grade. 
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A. Metric Sizes 1. Top Lock Type 6. Nylon Strip Or Patch 
B. Inch Sizes 2. Center Lock 7. Nylon Washer Insert 
3. Dry Adhesive Coating 8. Nylon Patch 
4. Out Of Round Thread 9. Nylon Insert 
5. Deformed Thread Profile 


Figure 9 — Torque Nuts and Bolts Chart 
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SIX LOBED SOCKET 
HEAD FASTENERS 


Six lobed socket head (Torx) fasteners are used in 
some applications on vehicles covered in this manual 
(figure 10). 

Tools designed for these fasteners are available 
commercially. However, in some cases, if the correct 
tool is not available, a hex socket head wrench may be 
used. 


Sy 

7 

— 
= 


mde) 


T - Internal Drive 
E:- External Drive 
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Figure 10 — Six Lobed Socket Head (Torx) Fasteners 
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Pound 0.4536 kilograms (kg) Foot candle 1.076 4 lumens/meter’ (Im/m:) 


Kilogram 9.807 newtons (N) VELOCITY 


CONVERSION TABLE | 


to get equivalent to get equivalent 
Multiply by number of: Multiply by number of: 


LENGTH ACCELERATION 


Inch 25.4 millimeters (mm) Foot/sec? 0.304 8 meter/sec? (m/s?) 


Foot 0.304 8 meters (m) , Inch/sec? 0.025 4 meter/sec? 
Yard 0.9144 meters TORQUE 
Mile 1.609 kilometers (km) 


Pound-inch 0.112 98 newton-meters (N-m) 
AREA 


Pound-foot 1.355 8 newton-meters 


Inch’ 645.2 millimeters? (mm?) POWER 


6.45 centimeters’ (cm?) 
Foot’ 0.0929 meters? (m’) Horsepower 0.746 kilowatts (kW) 


Yard? 0.836 1 pena PRESSURE OR STRESS 

VOLUME Inches of water 0.2491 kilopascals (kPa) 

Pounds/sq. in. 6.895 kilopascals 
3 J 
ae ep ENERGY OR WORK 
0.0164 _liters (1) BTU 1055 joules (J) 
Quart 0.9464 ” liters Foot-pound 1.355 8 joules 
Gallon 3.785 4 liters Kilowatt-hour 3600000 joules (JS one W) 
Yard? 0.7646 — meters? (m’) or 3.6 x 10° 
MASS LIGHT 


Ton 907.18 kilograms (kg) FUEL PERFORMANCE 


Ton 0.907 tonne (t) : miles/gal 0.425 1 kilometers/liter (km/I) 
FORCE Gal/mile 2.352 7 liter/kilometer (I/km) 


Ounce 0.2780 newtons Miles/hour 1.609 3 kilometers/hr. (km/h) 
Pound 4.448 newtons ee te ae ee ee 


TEMPERATURE 


Degree 
Fahrenheit (t°F-32) + 1.8 degree Celsius (C) 
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DECIMAL AND METRIC EQUIVALENTS 


Fractions Decimal Metric Fractions Decimal Metric 
In. MM. In. MM. 


1/64 .015625 .39688 33/64 515625 13.09687 
1/32 .03125 .79375 17/32 53125 13.49375 
3/64 .046875 1.19062 35/64 546875 13.89062 
1/16 .0625 1.58750 9/16 5625 14.28750 
5/64 .078125 1.98437 37/64 578125 14.68437 
3/32 .09375 2.38125 19/32 59375 15.08125 
7/164 -109375 2.77812 39/64 .609375 15.47812 
1/8 125 3.1750 5/8 .625 15.87500 
9/64 -140625 3.57187 41/64 .640625 16.27187 
5/32 -15625 3.96875 21/32 .65625 16.66875 
11/64 .171875 4.36562 43/64 .671875 17.06562 
3/16 -1875 4.76250 11/16 .6875 17.46250 
13/64 .203125 5.15937 45/64 .703125 17.85937 
7/32 .21875 5.55625 23/32 71875 18.25625 
15/64 .234375 5.95312 47/164 .734375 18.65312 
1/4 .250 6.3500 3/4 750 19.05000 
17/64 .265625 6.74687 49/64 .765625 19.44687 
9/32 .28125 7.14375 25/32 78125 19.84375 
19/64 .296875 7.54062 51/64 .796875 20.24062 
5/16 3125 7.93750 13/16 8125 20.63750 
21/64 .328125 8.33437 53/64 .828125 21.03437 
11/32 34375 8.73125 27/32 .84375 21.43125 
23/64 .359375 9.12812 55/64 .859375 21.82812 
3/8 375 9.52500 7/8 .875 22.22500 
25/64 -390625 . 9.92187 57/64 .890625 22.62187 
13/32 .40625 10.31875 29/32 £90625 23.01875 


27/64 421875 10.71562 59/64 921875 23.41562 
7/16 4375 11.11250 15/16 .9375 23.81250 
29/64 453125 11.50937 61/64 953125 24.20937 
15/32 46875 11.90625 31.32 .96875 24.60625 
31/64 484375 12.30312 63/64 984375 _ 25.00312 

1/2 .500 12.70000 1 1.00 25.40000 
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SECTION OB | 
MAINTENANCE AND LUBRICATION | 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 
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[Crankease (Approx. Refi) | Lf 8 
[Fuel Tank (Approx. Refl) | SAL | 18.5 Gals, 
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LUBRICATION 


LUBRICANT POINTS OTHER LUBRICATION POINTS (NOT SHOWN) 


1. Wheel Bearings . Brake Master Cylinder 
2. Automatic Transmission . Parking Brake Linkage 
3. Rear Axle . Accelerator Linkage 

. Hood Latch 


. Hood And Door Hinges 
F-10039 


Figure 1 — Lubrication Chart 


. L4 Engine 

. Oil Filter 

. Cooling System 

. Upper Control Arm Ball Joints 
. Lower Control Arm Ball Joints 
. Steering Linkage Lube Points 
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Figure 2 — Lubrication Chart 
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MAINTENANCE SCHEDULE 


ta Important 
The following maintenance chart was developed for use with delivery service 
and/or commercial vehicle applications. These vehicles usually operate under 
one or more of the following conditions: 


e@ When most trips are less than 4 miles (6 kilometers). 

e When most trips are less than 10 miles (16 kilometers) and outside 
temperatures remain below freezing. 

@ Towing a trailer. 

Operating in dusty areas. 

@ dling and/or low-speed operation in stop-and-go traffic. 


| 


SECTION A— SCHEDULED MAINTENANCE SERVICES 


coneono [= | [| = 
Engine Oil Change” lel eo. 

Oil Filter Change” le | 

1 ae 9 Chassis Lubrication | 


| 3 | Cooling System Services” -- Every 24 Months or 


jel e | 
jel e | 
pelo 
(ee ea ees Soe 
| 4 [Arcicanertiomen’ TTT 


ee Front Wheel Bearing Repack bt] 


Transmission Service - Refer to Section B for 
Service Interval 


PCV System Inspection” 
ls | Fuel Filter Replacement” 


ga Spark Plugs” 
| 10 | Spark Plug Wire Inspection” 


ie 
ie 
Ae 
ied 
Electronic Vacuum Regulator Valve (EVRV) oe 
Inspection 
[13 | engine Ting creak 
[14 | Fuel Tank Gap and Lines inspection’ |_| 
a oe 


Tire Rotation - Refer to Section B for Service 
Interval 


FOOTNOTES: 

1. In California, these are the minimum Emission Control Maintenance Services the 
USPS must perform according to the California Air Resources Board. 
Grumman/GM, however, urges that all Emission Control Maintenance services 
shown be performed. To maintain the other new vehicle warranties, all services 
shown in this booklet should be performed. 


“An Emission Control Service 
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A 
N 


The services shown In this schedule up to 60,000 miles (100 000 km) are 
to be performed after 60,000 miles (100 000 km) at the same intervals. 


3] | 

o 

ja | 8 | 
a 


The maintenance service contained in this Maintenance Schedule are based on the 

assumption that your vehicle will be used as designed: 

e To carry passengers and cargo within the limits shown on the data plate located 
on the LH side of the vehicle. 

e Onreasonable road surfaces within legal driving limits. 

e With unleaded fuel. 


a 
| 
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SECTION B — EXPLANATION OF 
SCHEDULED MAINTENANCE SERVICES 


The services listed in the preceding Maintenance Schedules are further explained 
below. After services are completed, fill in the Maintenance Record at the end of this 
booklet. When the following maintenance services are performed, make sure all parts 
are replaced and all necessary repairs are done before operating your vehicle. Be 
sure to use the proper fluids and lubricants as shown in Section E. 


Item No. 

1. ENGINE OIL AND OIL FILTER CHANGE — ALWAYS USE SG OR SG/CE 
QUALITY, ENERGY CONSERVING OILS OF THE PROPER VISCOSITY. Also 
always change oil and filter as soon as possible after driving in a dust storm. 
Refer to Section 5 of the Operator's Manual for further details. 


2. CHASSIS LUBRICATION — Lubricate the front suspension (except when 
equipped with "maintenance-free" ball joint), steering linkage, transmission and 
shift linkage, parking brake cable guides, propshaft, universal joints, and brake 
pedal springs. 


3. COOLING SYSTEM SERVICE’ — Drain, flush and refill system with new 
coolant. Refer to Section 5 of the Operator’s Manual for further details. 


4. AIR CLEANER ELEMENT REPLACEMENT, A.I.R. AND PCV FILTER 
REPLACEMENT (SOME MODELS)’ — Replace at specified intervals. Replace 
more often under dusty conditions. Ask your dealer for the proper 
replacement intervals for your driving conditions. 


5. FRONT WHEEL BEARING REPACK — Clean and repack the front wheel 
bearings at each brake relining, or at the specified interval, whichever comes 
first. 


6. TRANSMISSION SERVICE 
Automatic Transmission — Change the transmission fluid and filter every 
15,000 miles (25 000 km) for vehicles under 8600 GVWR or every 12,000 miles 
(20 000km) if the vehicle is mainly driven under one or more of these 
conditions: 
@ In heavy city traffic where the outside temperature regularly reaches 90°F 

(32°C) or higher. 

In hilly or mountainous terrain. 

Frequent trailer pulling. 

Uses such as deliver or other commercial service. 


7. PCV SYSTEM INSPECTION’ — Check that PCV (Positive Crankcase 
Ventilation) system works properly. Replace the valve and any worn, plugged 
or collapsed hoses as necessary. 


8. FUEL FILTER REPLACEMENT — Replace the fuel filter at the specified 
interval or sooner if clogged. 


9. SPARK PLUGS — Replace spark plugs with the type listed in Section 6 of the 
Operator's Manual. 


10. SPARK PLUG WIRE INSPECTION’ — Clean wires and inspect for burns, 


cracks or other damage. Check the wire boot fit at the distributor and at the 
spark plugs. Replace wires as needed. 


*An Emission Control Service 
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11. 


12. 


13. 


14. 


15. 


16. 


yA 8 


18. 


19. 


20. 


4 


22. 


Inspect tires and wheels for abnormal wear or d 
Operator's Manual for further information. 


EGR SYSTEM INSPECTION’ — Conduct EGR SYSTEM CHECK as referenced 
in the Maintenance and Lubrication Section of the Service Manual. 


ELECTRONIC VACUUM REGULATOR VALVE (EVRV) INSPECTION’ — 
Inspect filter for excessive contamination or plugging. If required, clean 
element with a solution of biodegradable soap and water, let dry and reinstall 
element. 


ENGINE TIMING CHECK AND DISTRIBUTOR CHECK (SOME MODELS) — 
Adjust timing to underhood label specifications. Inspect the inside and 
outside of the distributor cap and rotor for cracks, carbon tracking and 
corrosion. Clean or replace as needed. 


FUEL TANK, CAP AND LINES INSPECTION’ — Inspect the fuel tank, cap and 
lines for damage or leaks. Remove fuel cap, inspect gasket for an even filler 
neck imprint, and any damage. Replace parts as needed. 


THERMOSTATICALLY CONTROLLED AIR CLEANER INSPECTION’ « — (if 
so equipped.) Inspect all hoses and ducts for proper hookup. Make sure 
valve works properly. 


ENGINE ACCESSORY DRIVE BELTS INSPECTION’ — Inspect belts. Look 
for cracks, fraying, wear, and proper tension. Adjust or replace as needed. 


EVAPORATE CONTROL SYSTEM (ECS) INSPECTION’ — Check all fuel and 
vapor lines and hoses for proper hookup, routing, and condition. Check that 
bowl vent and purge valves work properly, if equipped. Remove canister, and 
check for cracks or damage. Replace as needed. 


SHIELDS AND UNDERHOOD INSULATION INSPECTION «4 — Inspect 
shields and underhood insulation for damage or looseness. Adjust or replace 
as required. 


AIR INTAKE SYSTEM INSPECTION « — Check the air intake system 
installation to see that gaskets are seated properly and all hose connections, 
fasteners, and other components are tight. Also check to be sure that the air 
cleaner housing is properly seated, that the cover fits tightly, and the 
wingnut(s) is tight. Tighten connections and fasteners or replace damaged 
parts as required. 


THERMOSTATICALLY CONTROLLED ENGINE COOLING 

FAN INSPECTION «4 — (if so equipped.) With the engine off and below 
normal operating temperature, check to see that the fan can be rotated by 
hand on viscous drives. Replace as necessary. 


IDLE SPEED CONTROL DEVICE’ — Check that parts work properly. Replace 
them as needed. 


TIRE ROTATION AND WHEEL INSPECTION — Rotate your tires at the 
specified maintenance service interval as follows: 
Every 5000 miles (8000 km). 


amage. Refer to Section 5 in the 


An Emission Control Service 


4 Also a Noise Emission Control Service 
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SECTION C — 
INSPECTIONS AND SERVICES 


WHILE OPERATING YOUR VEHICLE 


Automatic transmission shift indicator operation — Make sure the indicator 
points to the gear chosen. 


Horn operation — Blow the horn occasionally to make sure it works. Check all 
button locations. 


Brake system operation — Be alert to abnormal sounds, increased brake pedal 
travel or repeated pulling to one side when braking. Also, if a brake warning lamp 
goes on, something may be wrong with part of the brake system. 


Exhaust system — Be alert to any changes in the sound of the system or any 
smell of fumes. These are signs the system may be leaking or overheating. Have it 
inspected and repaired at once. 


Tire and wheel — Be alert to a vibration of the steering wheel or seat at normal 
highway speeds. This may mean a wheel balance is needed. Also, a pull right or left 
on a straight, level road may show the need for a tire pressure adjustment or wheel 
alignment. 


Steering system operation — Be alert to changes in steering action. An 
inspection is needed when the steering wheel is harder to turn, has too much free 
play or abnormal sounds are noted when turning or parking. 


AT EACH FUEL FILL 


Engine oil level check t — Check engine oil level and add if necessary. Refer 
to Section 5 of the Operator’s Manual for further details. 


Engine coolant level and condition + — Check engine coolant level in coolant 
reservoir tank and add if necessary. Replace if dirty or rusty. Refer to Section 5 of 
the Operator’s Manual for further details. 


Windshield washer fluid level check — Check washer fluid level in container and 
add if necessary. 


Hood latch operation — When opening hood, note the operation of secondary 
latch. It should keep hood from opening all the way when primary latch is released. 
Make sure that hood closes firmly. 


Weatherstrip lubrication — Clean surface and then apply a thin film of silicone 
grease with a clean cloth. 


AT LEAST MONTHLY 


Tire pressure check and wheel Inspection — Keep pressures as indicated above 
each tire. Pressure should be checked when tires are cold. Inspect tires and wheels 
for abnormal wear or damage. Refer to Section 5 of the Operator’s Manual for further 
information. 


t A large loss in these systems may indicate a problem. 
Have them inspected and repaired at once. 
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Lamp operation check — Check operation of side marker lamp, headlamps 
including high beams, parking lamps, taillamps, brake lamps, turn signals, backup 
lamps, instrument panel illumination and hazard warning flashers. 


Fluid leak check — After the vehicle has been parked for a while, inspect the 
surface beneath the vehicle for water, oil, fuel or other fluids. Water dripping from the 
air conditioning system after use is normal. If you notice fuel leaks or fumes. the 
cause should be found and corrected at once. 


AT LEAST TWICE A YEAR 
(FOR EXAMPLE, EVERY SPRING AND FALL) 


Power steering pump level check + — Check power steering pump fluid in 
accordance with the instructions in Section 5 of the Operator's Manual and add fluid 
if necessary. 


Brake master cylinder reservoir fluid level check + — Check fluid level in 
accordance with the instructions in Section 5 of the Operator’s Manual, and add fluid 


if necessary. A low fluid level can indicate that worn disc brake pads may need to 
be serviced. 


Key lock cylinder — Lubricate key lock cylinders. Lock deicers which contain 
alcohol may wash away lubricants. It is recommended that you lubricate the lock 
cylinder after you have used a deicer of this type. Refer to Section E in this booklet 
for the proper lubricants. 


EACH TIME OIL IS CHANGED 


Automatic transmission fluid level check ¢ — Check transmission fluid level and 
add as required. Refer to Section 5 of the Operator's Manual for further details. 


Steering and suspension + — Inspect front and rear suspension and steering 
system for damaged, loose or missing parts, signs of wear or lack of lubrication. 
Inspect power steering lines and hoses for proper hookup, binding, leaks, cracks, 
chafing, etc. Inspect final drive axle output shaft seals for leaking. 


Brake systems Inspection — For convenience the following should be done when 
wheels are removed for rotation: Inspect lines and hoses for proper connections, 
binding, leaks, cracks, chafing, etc. Inspect disc brake pads for wear and rotors for 
surface condition. Also inspect drum brake linings for wear and cracks. Inspect other 
brake parts, including drums wheel cylinders, parking brake, etc, at the same time. 


Check parking brake adjustment. Inspect brakes more often If driving habits or 
conditions result In frequent braking. 


Exhaust system Inspection* — Inspect complete system including catalytic 
converter. Inspect body near the exhaust system. Look for broken, damaged, 
missing or out-of-position parts, as well as, open seams, holes, loose connections or 
other conditions which could cause a heat buildup in the floor pan or could let 
exhaust fumes seep into the passenger compartments. 


Throttle linkage Inspection — Inspect for interference, binding, damaged or 
missing parts. Replace parts as needed. 


t A large loss in these systems ma 
Have them inspected and repair 
* An Emission Control Service 


y indicate a problem. 
ed at once, 
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Engine drive belts Inspection — Inspect all belts for cracks, fraying, wear and 
proper tension. Adjust or replace as needed. 


Axle rear — Refer to Section 5 in the Operator's Manual to determine the GVWR 
for your vehicle. Check fluid level and add if needed. 


e@ Locking differential - under 8600-lbs. GVWR — Drain fluid at first oil change 
and refill. Check fluid level and add as needed at subsequent oil changes. In dusty 
areas, or trailer towing applications drain fluid at every oil change and refill. + 


e@ Standard differential - under 8600-lbs. GVWR — Check fluid level and add 
as needed at every oil change. In dusty areas, or trailer towing applications, drain 
fluid every oil change and refill. ¢ 


Shift lever operation — Because of the heavy duty cycles that may be 
experienced with the LLV, the opportunity for "scuffing" the shift lever during, the shift 
process exists. This wear (scuffing) could allow movement of the shift lever through 
the range of gear selections without releasing (pulling back) the shift lever from the 
shifter gate. For information on shift lever inspection refer to 3L30 (THM 180/180C) 
AUTOMATIC TRANSMISSION (SEC.7A). 


AT LEAST ONCE A YEAR 


Starter safety switch operation — 


CAUTION: Before performing the following safety switch check, be sure to have 
enough room around the vehicle. Then, firmly apply both the parking brake (see 
your Operator’s Manual for procedure) and the regular brakes. Do not use the 
accelerator pedal. If the engine starts, be ready to turn off the ignition promptly. 
Take these precautions because the vehicle could move without warning and 
possibly cause personal injury or property damage. 


@ On automatic transmission vehicles, try to start the engine in each gear. The 
starter should crank only in “Park" or "Neutral." 


Steering column lock operation — While parked, try to turn key to "Lock" position in 
each gear range. The key should turn to "Lock" only when the transmission is in 
"Park." 


Parking brake and transmission "Park" mechanism operation — 


CAUTION: Before checking the holding ability of the parking brake and 
automatic transmission "Park" mechanism, park on a fairly steep hill with enough 
room for movement in the downhill direction; to reduce the risk of personal inju 
or property damage, be prepared to apply the regular brakes promptly If the 
vehicle begins to move. 


* An Emission Control Service 
t A large loss in these systems may indicate a problem. 
Have them inspected and repaired at once. 
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@ Tocheck the parking brake with the engine running and transmission shift lever 
in "Neutral," slowly remove foot pressure from the regular brake pedal until the 
vehicle is held by only the parking brake. 


e Tocheck the automatic transmission "Park" mechanism holding ability, release all 
brakes after shifting the transmission to "Park." 


Spare tire and jack storage — Be alert to rattles in the rear of the vehicle. Make 
sure the spare tire, all jacking equipment, and any covers or doors are securely 
stowed at all times. Oil the jack ratchet or screw mechanism after each use. 


Underbody flushing — At least every spring, flush the underbody with plain water 
to remove any corrosive materials used for ice and snow removal, and dust control. 
Take care to thoroughly clean any areas where mud and other debris can collect. 
Sediment packed in closed areas of the vehicle should be loosened before being 
flushed. 


Engine cooling system service — * ¢ Inspect coolant and freeze protection. If 
dirty or rusty, drain, flush and refill with new coolant. Keep coolant at the proper 
mixture as specified in Section 5 of the Operator's Manual. This provides proper 
freeze protection, corrosion inhibitor level and engine operating temperature. Inspect 
hoses and replace if cracked, swollen or deteriorated. Tighten hose clamps. Clean 
outside of radiator, wash radiator filler cap and neck. To help ensure proper 
operation, a pressure test of both the cooling system and cap is also recommended. 
See maintenance schedule charts in Section A for the recommended coolant change 
interval. 


Body Lubrication Service — Lubricate all body door hinges including the end 
gate (if equipped) also lubricate the body hood, fuel door and rear compartment 
hinges and latches. 


* An Emission Control Service 
t A large loss in these systems may indicate a problem. Have them inspected and 
repaired at once. 
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SECTION E — 
RECOMMENDED FLUIDS AND LUBRICANTS 


pusAGE FLUID/LUBRICANT 


GM Goodwrench Motor Oil or 
equivalent for API Service SG or 
SG/CE of the recommended viscosity. 


Engine Coolant Mixture of water and a good quality 
ethylene glycol base antifreeze 
conforming to GM 6038 (GM Part No. 


1052103). 


Brake System USE ONLY DOT-5 BRAKE FLUID 


Parking Brake Cables Chassis grease meeting requirements 
of GM-6031-M (GM Part No. 1052497). 


Power Steering System GM Power Steering Fluid (GM Part 


No. 1050017) or equivalent 


conforming to GM spec. 9985010. 
Standard — Rear Axle 


DEXRON® II Automatic Transmission 
Fluid (GM Part No. 1051855). 


SAE-80W-90 GL-5 gear lubricant (GM 
Part No. 9985290) (use SAE-80W GL- 
5 in Canada). 


Hood Latch Assembly 
a. Pivots And Spring Anchor 
b. Release Pawl 


a. Engine oil (GM Part No. 
1050109). 

b. Chassis Grease meeting 
requirements of GM-6031-M 

(GM Part No. 1052497). 


Front Wheel Bearings Lubricant (GM Part No. 1051344). 


Automatic Transmission Shift 
Linkage, Hood And Door 
Hinges, Body Door Hinge Pins, 
Rear Cargo Door And Linkage, 
Fuel Door Hinge 


Key Lock Cylinders Synthetic light oil (10W-30) or GM 
Multi-Purpose lubricant (GM Part No. 


12345120). 


Chassis Lubrication Chassis grease meeting requirements 


of GM-6031-M (GM Part No. 1052497). 


Windshield Washer Solvent GM Optikleen washer solvent (GM 
Part No. 1051515) or equivalent. 


Weatherstrip Silicone grease (GM Part No. 
1052863) or equivalent. 


NOTE: Silicone lubricants should not be used on lock cylinders with plastic caps. 
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FOOTNOTES: 

1. In California, these are the minimum Emission Control Maintenance Services the 
USPS must perform according to the California Air Resources Board. 
Grumman/GM, however, urges that all Emission Control Maintenance services 
shown be performed. To maintain the other new vehicle warranties, all services 
shown in this booklet should be performed. ; 


“An Emission Control Service 


The maintenance service contained in this Maintenance Schedule are based on the 
assumption that your vehicle will be used as designed: 
@ To carry passengers and cargo within the limits shown on the data plate located 


on the LH side of the vehicle. 
e@ On reasonable road surfaces within legal driving limits. 
e With unleaded fuel. 


SECTION A — SCHEDULED MAINTENANCE SERVICES FOR LLV’S WITH LIGHT 
DUTY EMISSIONS - GASOLINE ENGINES 


1A -1 HEATING 


SECTION 1 
HEATING | 
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SECTION 1A 
HEATING 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 
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DESCRIPTION 


HEATING SYSTEM 


The information covered in this section pertains only 
to the heating system components supplied by 
Chevrolet Motor Division. For information concerning 
the Grumman supplied heating system, refer to the 
HEATER/DEFROSTER SYSTEM (SEC. 10N). For 
additional information concerning the heating system, 
refer to the following United States Postal Service 
Vehicle Modification Orders: 


— Number: 16-88 
— Number: 01-89 
— Number: 07-89 
— Number: 02-89 


Important 


Vehicle Modification Orders’ contain 
repair/replacement information pertaining to only 
those vehicles identified within each publication. 
Repair and/or replacement modifications are not 
covered under the New Vehicle Warranty. U.S. 
Postal Service requests for vehicle modifications 
outlined in non-Chevrolet publications should be 
considered the responsibility of the U.S. Postal 
Service. 
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. Engine Outlet Hose 
. Clamp 

. Connector 

. Radiator Inlet Hose 

. Bolt 

. Clamp 

. Alternator Mounting Bracket 

. Air Intake Duct 

. Power Steering Mounting Bracket 

. Power Steering Pump 

- Bolt F-05827 


Figure 1 — Heater Hose Routing 


HEATER HOSES 


Heater hoses are installed at the factory and coupled The hose clamps (2) and the clip bolts (5) are 
together with a hose connector. The hoses are routed _ torqued at the factory to 1.7 N'm (15 in. Ibs.). The clip 
around the front of the engine through two clips—one mounting bolt (11) at the pump steering pump is 
located at the alternator mounting bracket and the torqued to 50 N'm (37 ft. Ibs.) (figure 1). 
second located at the power steering pump. 
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SPECIFICATIONS 


N'm Ft. Lbs. In. Lbs. 
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SECTION 2 
FRAME 
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SECTION 2A 
FRAME 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 


CONTENTS 
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DESCRIPTION 
Proper frame alignment is important to assure normal account for the strength of the material used in the 
life and functioning of many other parts of the vehicle. frame. 
If the vehicle has been involved in a fire, collision, or 2. YIELD STRENGTH-This is a measure of the 
has been overloaded, there is a cause to check the strength of the material from which the frame is 
frame alignment. If, for any other reason, alignment is made. It is the maximum load [kPa (psi)] that can 
suspected it should be checked. A procedure for this be placed on a material and still have it return to 
is described later in this section under "Checking Frame its original shape. 
Alignment." 3. RESISTANCE TO BENDING MOMENT (RBM)—This 
It is possible that certain conditions make the frame is a single measure of frame strength that 
appear to be out of alignment when, in fact, it is not. accounts for both the section modulus and the 
These conditions are also described under "Checking strength of the material used. (It is the product of 
Frame Alignment." section modulus and yield strength.) 
Terms used later in this section are briefly defined 4. SAG-—This refers to a frame or side rail that is bent 
below: down from where it should be. 
5. BUCKLE—This refers to a frame or side rail that is 
4. SECTION MODULUS-—This is a measure of the bent up from where it should be. 


strength of a frame, based on height, width, 
thickness and shape of the side rails. It does not 
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6. DIAMOND-This refers to the condition where one 
entire frame rail is moved forward from, or to the 
rear of, its correct alignment with the other rail. 

7. TWIST—This refers to the condition where the 
entire frame has been twisted. One rail will slope 
up while the other rail will slope down. 

8. SIDESWAY-—This refers to a side rail that is bent to 
the side of where it should be. 

9. TRACKING—This refers to the alignment of the 
vehicle axles with each other. A misaligned frame 
can cause improper tracking. If the vehicle is 
tracking correctly, all axles will be parallel to each 
other and perpendicular to the center line of 
frame. 


10. WEB—The vertical part of a channel-type frame rail. 
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DIAGNOSIS OF THE FRAME 


E 1. Loads greater than frame is designed 1-7. Straighten and reinforce frame as 


to carry. explained under "Straightening 
2. Uneven load distribution. Frames" and "Reinforcements." 


3. Abrupt changes in section modulus. 
(For a brief definition of section 
modulus, see the "Description" at 
beginning of this section. 

4. Improper body, or accessory, 
mounting: 

— Holes drilled in flange of frame rail. 

— Too many holes in web section of rail. 

— Holes in web section which are too 
close to each other. 

— Four or more holes in same vertical 
line of rail web. 

— Welds on flange, particularly across 
flange or along its edge. 

— Cutting holes in rail with a torch. 

Cutting notches anywhere on rails. 

. A fire involving vehicle. 

. Acollision involving vehicle. 

. Use of equipment for which frame has 

not been designed or reinforced. 


NOM | 


1. Use of equipment such as snow plows 
for which frame was not designed. 

. Acollision involving vehicle. 

. A fire involving vehicle. 

. In addition to these causes, refer to 

possible causes 3 and 4 under "Sag." 

These may contribute to "Buckle." 


. Straighten and reinforce frame as 
explained under "Straightening 
Frames" and "Reinforcements." 


& Oh 


. Acollision involving vehicle. 

. A fire involving vehicle. 

. Use of equipment such as snow plows 
for which frame was neither designed 
nor properly reinforced. 

4. In addition to these causes, refer to 

possible causes 3 and 4 under "Sag." 

These may be contributing factors. 


. Straighten and reinforce frame as 
explained under "Straightening 
Frames" and "Reinforcements." 


Qn 


1. Acollision involving vehicle. 
2. Towing another vehicle with a chain 
attached to one corner of frame. 


. Straighten and reinforce frame as 
explained under "Straightening 
Frames" and "Reinforcements." 


1. An accident or collision involving 
vehicle. 

2. Operating the vehicle in very rough 

terrain. 


. Straighten and reinforce frame as 
explained under "Straightening 
Frames" and "Reinforcements." 
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DIAGNOSIS OF THE FRAME (CONT.) 


Improper 1. Frame is out of alignment. 


Tracking 


Cracks in Web of 
Rails 


MINIMIZING FRAME SERVICE 


Generally, frame service can be minimized or 
eliminated by minimizing the concentration of stress in 
small areas of the frame. 

1. Vehicles should be used only for those 

purposes for which they were designed. 

@ They should not be overloaded. 

@ They should be loaded evenly; localized loads 
should be avoided. 

@ Do not operate vehicle on extremely rough 
terrain. 

@ Take into account forces that will be placed 
on a frame from operation of equipment such 
as snow plows when picking a frame for a 
new vehicle or reinforcing a frame. 

2. Follow recommended practices when repairing 
a frame or when mounting a body or equipment 
on a frame. 

@ Avoid sudden changes in section modulus. 

@ Do not drill holes in frame rail flanges. 

@ Space holes in web section of a rail at least 
13 mm (0.5-inch) from one another. 

e Use existing holes whenever possible. 

@ Do not cut holes with a torch. 

@ Do not overheat frame rails. 

e@ Avoid welding on flanges, 

@ Do not allow four or more holes to exist on 
same vertical line of web. 


CHECKING FRAME ALIGNMENT 


The main parts of a frame are the side rails and 
crossmembers. The rails carry the load and the 
crossmembers stabilize the rails. 


PROBLEM POSSIBLE CAUSE CORRECTION 


2. Front or rear axle has shifted. 
3. Incorrect wheel alignment may make 
vehicle appear to be tracking incorrect! 


. Loose crossmember attaching bolts. 


2. Concentration of stress that may result 
from many different factors. (See 
"Sag" under "Diagnosis" previously 
described in this chart. Also see 
*Minimizing Frame Damage" and 
"Reinforcements* (later in this section). 


1. Straighten and reinforce frame as 
described later in this section. 

2. Realign and secure axle. 

3. Align the wheels. Refer to FRONT 
END ALIGNMENT (SEC. 3A). 


. Replace or weld and reinforce rail. 
Ream bolt holes and replace with 
larger bolts if necessary. Retighten 
bolts, 

2. Replace or weld and reinforce rail as 

explained later in this section. 


Types of frame misalignment can be divided into five 
groups. The five groups are sag, buckle, diamond, 
sidesway, and twist. For a brief definition of these 
terms, refer to "Description" at the beginning of this 
section. 

A misaligned frame rail may have moved forward 
from, up or down from, or to the side of where it should 
be. These possibilities must be checked. 

The easiest way to check frame alignment is with 
gages made for this purpose. Detailed instructions are 
normally supplied with gages at the time of purchase. 
Therefore, instructions for gage use are not given in this 
manual. 

It is possible to check certain portions of frame 
alignment without the proper gages. The procedure is 
described later in this section. 

Whether alignment is checked with or without gages, 
the vehicle must be parked on a level section of floor. 

Certain conditions call for preliminary checks before 
actually checking the frame. Suspension or axle 
problems may make it appear that the vehicle frame is 
Out of alignment. If an axle has shifted, "Diamond" or 
"Sidesway" may appear to exist when, in fact, they do 
not. A weak spring may make the vehicle appear to 
have a twisted frame. 

A visual inspection of the top and bottom flanges of 
each rail may reveal the specific area where sag or 
buckle exists. In the case of sag, wrinkles may appear 
on the top of the upper flange; such wrinkles are 
definite evidence of sag. Wrinkles on the bottom of the 
lower flange are definite evidence of buckle. 


DETERMINING THE FRAME CENTERLINE (Figure 1) 
1. Move vehicle to a level, well-lighted section of 
the floor. 
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. End of Frame Rail 
. Rear of Lower Control Arm Mount 
. Edge of Frame Reinforcement 
. Leaf Spring Front Bolt 
ALL DIMENSIONS . Rivet Attaching Crossmember to Frame 
- IN MILLIMETERS . Rivet Attaching Crossmember to Frame 


Figure 1 — Frame Measurement Points 
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2, Make a diagram of the frame on the floor 
beneath vehicle as follows: 

a. Using a plumb bob, transfer points 1, 2, 11, 
12 from inside of web to floor. Mark points 
(figure 1). 

b. Using a plumb bob, transfer remaining points 
from outside of web to floor. Mark points. 
Actual placement of these points is not so 
important as is the fact that points must be 
taken from same place on both right and left 
frame rail. 

3. Move vehicle away from points on floor. 

4. Measure distance from dead center of each 
frame rail at points 1 and 2. This distance 
should be 684mm (26.9-inch). 

5. Measure distance from inside web portion of 
each frame rail at points 11 and 12. This 
distance should be 1018mm (40.1-inch). 

6. Make a mark on floor exactly halfway between 
points 1 and 2. Make a similar mark between 
points 11 and 12. 

7. Use a chalk line to mark a line through points. 
This is the centerline of the frame. 


HORIZONTAL CHECK 

1. Measure distance between frame rails and 
centerline at points 3-10. Each pair of 
corresponding points should be an equal 
distance from centerline within 3mm (0.12-inch). 
Example: Points 3 and 4 should measure equally 
from centerline as should points 5 and 6, 7 and 
8, and points 9 and 10. 

2. Measure diagonally from point 1 to point 6, and 
from point 2 to point 5. Mark floor where 
diagonals pass centerline. ‘ Diagonals should 
measure same distance within 5mm (0.2-inch) 
and should cross at centerline. If frame is within 
specifications, frame within these points is 
properly aligned. 


3. Repeat step 2 on other parts of diagonals until 
entire frame has been checked. Example: Point 
3 to point 10 and point 4 to point 9 or point 5 to 
point 12 and point 6 to point 11, etc. 

4. Refer to "Straightening Frames" to repair any 
damage that is found. 


STRAIGHTENING FRAMES 


Frame straightening can be complicated and usually 
requires special equipment. It should be attempted by 
competent personnel only. 

A complete analysis of the condition of the frame 
should be made before any steps are taken to 
straighten it. Analyzing the cause of failure will help 
determine the correct sequence of steps in the repair. 
(See ‘Possible Causes" under "Diagnosis" and 
"Minimizing Frame Service" previously outlined in this 
section.) Corrective procedures should be set up to 
reverse the flow of the damaging forces. In many 
instances, to reverse the flow of forces, pressure must 
be applied from different directions at the same time. 

Careful use of controlled heat is important. Too 
much or too little heat, or the improper application of 
heat, is a major source of trouble. Frame heating 
should be done with a large-sized tip (multi-hole heating 
tip) and a neutral flame should be used (oxygen adjust 
opened just enough to remove the feathers or stringers 
from the blue center at tip of torch). Heat the area that 
will be stretched as frame is straightened. Heat the 
area AFTER SUFFICIENT PRESSURE HAS BEEN 
EXERTED to cause a slight checking, or silvery cracks, 
to appear on the surface of the metal. Gradually 
increase the pressure while heating. Do not heat 
beyond 635°C (1200°F). A red glow indicates that the 
material is overheated. Overheating will cause 
distortion and stretching, as well as a change in the 
characteristics of the metal. 
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13. Straight Crack 
14. Sunburst Cracks 


Figure 2 — Types of Frame Cracks 


REPAIRING CRACKS 


Two common types of cracks are shown in figure 2. 
The straight crack will normally start from the edge of a 
flange. It will go across the flange and through web 
section of a rail. Finally, it will continue through other 
flange. This type of crack may result from high 
concentrations of stress in small areas of the frame, 
excessive bending moment, and torsional loading. (See 
“Minimizing Frame Service," previously outlined in this 
section). 

Sunburst cracks will radiate out from a hole in the 
web section of a rail or crossmember. They are caused 
by high loads being applied at a mounting bracket or 
crossmember which is not securely or properly attached 
to the rail. 

If cracks occur to both the rail and reinforcement at 
a particular area of the frame, they must be repaired 
separately. The flanges must react independently to 
prevent localized stress concentration. Use a copper 
spacer between the flanges of cracked base rail flanges 
and reinforcement flanges. 

Crossmember mounting flange cracks may be 
repaired in the same manner as side rail cracks. 
However, weld bead should be built up to provide a 
good smooth radius. If a crossmember is greatly 
damaged it should be replaced. 


It may be necessary to align the frame and level the 

rails before repairing the frame. 

1. Remove any equipment that will interfere with 
access to crack. 

2. Locate extreme end of crack and drill a 6mm 
(0.25-inch) hole. 

3. "V* grind entire length of crack from starting 
point to 6mm (0.25-inch) hole at extreme end. 

4. Bottom of crack should be opened up 2mm 
(0.07-inch) to allow good penetration of the 
weld. (A hack-saw blade may be used for this). 

5. Weld with proper electrode and proper welding 
techniques. See "Welding’ outlined later in this 
section for tips on welding. 

6. Grind weld smooth on both inside and outside 
of rail or crossmember. Be extremely careful to 
eliminate weld build-up or notches on edge of 
flange. 


WELDING 


Improper welding techniques are the cause of many 
weld and/or frame failures. The following information 
points out potential areas of difficulty and provides 
some general guidelines for successful frame welding. 

Most weld failures occur at the end of the weld in 
areas of the frame that are under high stress. By 
eliminating the ends of a weld, failures can be reduced; 
this can be done by making a hole or slot in the part to 
be attached and then using a fillet weld around a slot or 
plug weld. Do not leave a notch at the end of a weld. 

Over-welding can be harmful, especially if it is in an 
area of the frame that receives high concentrations of 
stress. 

Small cracks in a crossmember may be welded 
(Refer to "Repairing Cracks" explained previously in this 
section). 


When welding: 

1. Do not use oxyacetylene welding equipment. 

2. Whenever possible, use smaller diameter 
electrodes and make several passes; this is 
preferred to using a large diameter electrode 
and making fewer passes. 

3. Do not use more heat than is necessary to give 
good penetration. 

4. Do not run more passes than necessary. 

5. Make sure weld is free from craters and 
undercuts. 

6. Make sure scale is removed from each 
successive pass. 

7. If repairing a crack, grind the surface of weld 
flush with parent material. 
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8. 


9. 


10. 


11. 


When mounting accessories, do not weld across 
flanges. 

When mounting accessories, do not weld within 
19mm (0.75-inch) of a flange. 

Do not weld up to edge of a part being welded to 
a frame. Leave 6mm (0.25-inch) between end of 
weld and edge of part. 

Do not weld cast brackets to frame. 


12. 


13. 


14. 


Do not weld flanges of cracked reinforcements and 
base rails ‘together. 

Connect welding machine ground cables as close 
to working area as possible. 

Avoid direct contact between welding cables and 
any part of vehicle. 


15. Do not get welding cables near vehicle wiring. 
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SECTION 3 


STEERING, SUSPENSION, 
WHEELS AND TIRES 
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SECTION 3A 
FRONT END ALIGNMENT 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 
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DESCRIPTION 


"Front End Alignment® refers to the angular The most important factors of front end alignment are 
relationship between the suspension attaching parts, | wheel toe-in, wheel camber, and axle caster (figure 1) 
the wheels and the ground. Proper alignment is i 
considered essential for efficient steering, good 
directional stability, and to prevent abnormal tire wear. 
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Vertical Vertical 2 _¢ of Ball Joint Axis 


Gof Vehicle ,. < 
——$—_—_—_—_—_> 
<i Fwo 
B 


Camber Angle Caster Angle 
Front View Side View 


A minus B .. Camber (Inches) 
C . .Camber (Degrees Positive) 
D ...Caster (Degrees Positive) 
BE minus Fs... Toe-In (Inches) 


Top View 
- B-07371 
Figure 1 — Caster - Camber - Toe-In 
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DIAGNOSIS OF FRONT END ALIGNMENT 


1. Worn tie rod ends. 
. Loose suspension bolts. 


Nolsy Front End 


. Lack of proper lubrication. 


bushings. 
. Loose stabilizer bar. 


Wheel Bounce 


. Blister or bump on tire. 


. Tire "Lead." 


Low Or Uneven 
Trim Height 


1. Broken or sagging springs. 


vehicle. 


Excessive Tire 
Wear 


1. Incorrect wheel alignment. 
2. Improper tire rotation. 


3. Damaged shock absorbers. 
. Improper tire pressure. 


vehicle. 
. Broken or sagging springs. 


' PROBLEM POSSIBLE CAUSE 


4. Loose shock absorbers or worn 


. Tire and wheel out of balance. 


2 
3. Improper shock absorber action. 
4. Excessive wheel or tire run-out. 


2. Overloaded or improperly loaded 


5. Overloaded or improperly loaded 


CORRECTION 


1. Replace tie rod ends. 

2. Refer to FRONT SUSPENSION (SEC. 
3C). 

3. Refer to MAINTENANCE AND 
LUBRICATION (SEC. OB). 

4. Tighten bolts and/or replace 

bushings. 

. Tighten bolts. 


1. Refer to WHEELS AND TIRES (SEC. 
3E). 

2. Replace tire. 

3. Replace shock absorber. 

4. Refer to WHEELS AND TIRES (SEC. 


3E). 
5. Refer to WHEELS AND TIRES (SEC. 
3E). 


1. Replace springs. 
. Avoid overloading vehicle. 


1. Align wheels. 

2. Rotate tires every 5,000 miles (8,000 
kilometers) or 3 months, whichever 
comes first. Refer to WHEELS AND 
TIRES (SEC. 36). 

3. Replace shock absorber. 

4. Refer to WHEELS AND TIRES (SEC. 

SE). 
. Avoid overloading vehicle. 


. Replace springs. 


ON-VEHICLE SERVICE 


DEFINITION OF TERMS 


CAMBER (Figure 1) 

Camber is the inward or outward tilting of the front 
wheels from the vertical. When the wheels tilt outward 
at the top, the camber is positive (+). When the wheels 
tilt inward at the top, the camber is negative (-). The 
amount of tilt is measured in degrees from the vertical. 
This is called the camber angle. 

If the camber is extreme or unequal between the 
wheels, improper steering and excessive tire wear will 
result. Negative camber causes wear on the inside of 
the tire, while positive camber causes wear to the 
outside. 


CASTER (Figure 1) 

Caster is the tilting of the front steering axis either 
forward or rearward from the vertical. A rearward tilt is 
said to be positive (+) and a forward tilt is said to be 


negative (-). 

Incorrect caster may result from damaged control 
arms and other related front suspension parts. Refer to 
FRONT SUSPENSION (SEC. 3C). Also, uneven or 
spotty tire wear are signs of unequal caster and camber 
settings. 


TOE-IN (Figure 1) 

Toe-in is the turning in of the front wheels. The 
actual amount of toe-in is normally only a fraction of a 
degree. Toe-in is measured from the center of the tire 
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A. Caster 

B. Camber 

C. Subtract shims 
here to increase 
caster 

D. Frame 

E. Add shims here to increase caster 

F. Subtract shims equally to increase camber 


B-09953 


Figure 2 — Caster-Camber Adjustment 


treads or from the inside of the tires. The purpose of 

toe-in is to insure parallel rolling of the front wheels and 
to offset any small deflections of the wheel support 
system which can occur when the vehicle is rolling 
forward. Incorrect toe-in results in excessive toe-in and 
unstable steering. Toe-in is the last alignment angle to 
be set in the front end alignment procedure. 


INSPECTION 


Before making any adjustments affecting caster, 
camber or toe-in, the following front end inspection 
should be made: 


[[*] inspect 
1. Tires for proper inflation pressure. 
WHEELS AND TIRES (SEC. 3E). 

2. Front wheel bearing for proper adjustment. Refer 

to FRONT SUSPENSION (SEC. 3C). 

3. Ball joints, tie rod ends, and relay rods. 

4. Wheels and tires for run-out. Refer to WHEELS 
AND TIRES (SEC. 3E). 

5. Vehicle trim heights. Refer to “Trim Height 
Specifications" in this section. Any corrections 
must be made before adjusting caster, camber or 
toe-in. 

6. Steering gear for looseness at the frame. 

7. Shock absorbers for leaks or any noticeable noise. 
Refer to FRONT SUSPENSION (SEC. 3C). 

8. Control arms or stabilizer bar attachments for 
looseness. Refer to FRONT SUSPENSION (SEC. 
3C). : 

9, Alignment equipment. 


instructions. 
10. Level of vehicle. Vehicle must be on a level 


surface, fore-and-aft, and transversely. 


Refer to 


Follow manufacturer’s 


CASTER AND CAMBER 
ADJUSTMENT 


Important 


e Before adjusting caster and camber angles, the 
front bumper should be raised and released 
twice to allow vehicle to return to its normal 
height. Refer to "Trim Height Specifications" in 
this section. 


e Caster and camber adjustments are made by 
inserting shims between the upper control arm 
shaft and the frame bracket. Shims may be 
added, subtracted or transformed to change the 
readings (figure 2). 


To adjust caster and camber, loosen the upper 
control arm shaft to frame nuts, add or subtract shims 
as required, and torque the nuts. Toe-in must be 
checked after changing caster or camber. 

1. CASTER -- Transfer shims, front to rear or rear to 

front. 

@ The transfer of one shim from rear bolt to 
front bolt will decrease positive caster. 

2. CAMBER -- Change shims at both front and rear 

of shaft. 

e Adding an equal number of shims at both 
front and rear of cross shaft will decrease 
positive camber. 

A normal shim pack will leave at least two threads of 
the bolt exposed beyond the nut. The difference 
between the front and rear shim packs must not exceed 
10mm (0.40-inch). If these requirements cannot be met, 
check for damaged control arms and related parts. 

Tighten nut on thinner shim pack first. This improves 
shaft to frame clamping force and torque retention. 


FRONT END ALIGNMENT 3A - 5 


TOE-IN ADJUSTMENT 


NOTICE: See “Notice" on page 3A-1 of this 
section. 


Tie rod adjuster parts often become rusted in 
service. If the torque required to remove the nut from 
the bolt after breakaway exceeds 9.0 Nm (7 ft. Ibs.), 
discard the nuts and bolts. Apply penetrating oil 
between the clamp and tube and rotate the clamps until 
they move freely. Install new bolts and nuts with the 
correct part number. 

Toe-in can be increased or decreased by changing 
the length of the tie rods. A threaded sleeve is 
provided for this purpose. 

When the tie rods are mounted ahead of the steering 
knuckle they must be: 

e@ Decreased in length to increase toe-in. 

@ Increased in length to decrease toe-in. 


[AP] adjust 

@ Loosen clamp bolts at each end of steering tie 
rod adjustable sleeves. 

@ Set steering wheel in straight ahead position. 

e Turn tie rod adjusting sleeve to obtain proper 
toe-in specification. 

@ Check number of threads inside adjuster sleeve. 
They must be equal to within three threads. 
Refer to STEERING LINKAGE (SEC. 3B1) for 
clamping instructions. 


REAR AXLE HOUSING 
ALIGNMENT 


If rear tire wear indicates that axle housing may be 
bent, or rear springs mislocated, the alignment can be 
checked as follows: 

1. Back vehicle squarely onto an alignment machine. 

2. Compensate for wheel runout the same as for 
checking front wheel toe-in. 

3. Check camber reading which should be 3 degrees 
negative to 5 degrees positive. 

4. Check amount of toe-out which should be 0 to 
0.05 degrees or 0 to 1.58mm (0 to 1/16-inch). 

@ When the vehicle is backed onto an 
alignment machine the actual toe-out will be 
read on the scale as toe-in. If toe-out is 
checked with a tram gauge, disregard this 
step. 

e If a tram is used for checking toe-out, still 
perform steps 1 and 2 to check camber. 

The necessary straightening operations may be 
performed using frame straightening equipment without 
removing the axle housing from the vehicle. This 
procedure will allow checks during the straightening 
operation to determine when the housing is within the 
correct limits. 


TRIM HEIGHT 
SPECIFICATIONS 


VEHICLE HEIGHTS (Figures 3 and 4) 


1. Lift front bumper of vehicle up about 38mm (1.5- 
inch). Let vehicle settle. Do this three times. 
Measure *Z" dimension. 

2. Push front bumper down 38mm (1.5-inch). Let 
vehicle settle. Do this three times. Measure "2" 
dimension. 


[ 2 ]important 


e@ True height is average of high and low 
measurements. 


3. Lift rear bumper of vehicle up about 38mm (1.5- 
inch). Let vehicle settle on its own. Do this three 
times. Measure "D" dimension. 

4. Push rear bumper of vehicle down about 38mm 
(1.5-inch). Let vehicle rise on its own. Do this 
three times. Measure "D" dimension. 


. Center Line of Front Lower Control Arm Bolt 

. Lower Inboard Corner of Ball Joint 

. Z Height. All "Z" Heights to be Trimmed at 
47.0 + 6.0 mm (1.85 + 0.2-inch) 

. Steering Knuckle and Hub Assembly 


F10034 
Figure 3 — "2" Height 
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A} 


D 


D. D Height Average. "D" Heights to be Trimmed 
at 160.0 + 6.0 mm (6.3 + 0.2-inch) 

2. Bumper Bracket 

3. Frame 

4. Rear Axle 


F-10035 
Figure 4 — "D" Height 


SPECIFICATIONS 
TO SERVICE SERVICE 
| ALIGN (A) CHECKING SETTING 
CASTER +2,0° + 0.10° +2.0° + 0.50° 
(C) (B) 


CAMBER -0.4° + 1.0° -0.2° + 0.50° 
(C) (B) 


TOE-IN (DEGREES- 
PER WHEEL) 


-0.10° + 0.10° -0.10° + 0.05° 
(D) (C) 


NOTE: Vehicle must be jounced three times before checking alignment to eliminate false geometry readings. 


(A) Front suspension (Z) dimension and rear suspension (D) dimension are held as indicated in "Trim Height 
Specifications." Front end alignment specifications are indicated on this chart. 

(B) Left and right side to be equal within 0.50 degree. 

(C) Left and right side to be equal within 1.0 degree. 


(D) Toe-in-left and right side to be set separately per wheel and steering wheel must be held in straight ahead 
position within + 5.0 degree. 
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SECTION 3B1 
STEERING LINKAGE 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 
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DESCRIPTION 
The steering linkage connects both front wheels to There are lubncation fittings at each joint. There are 


the steering gear through the pitman arm. The pitman __ prevailing torque nuts at the inner tie rod joints and 

arm, idler arm, and relay rod form a parallelogram-type — castellated nuts secured with cotter pins at the outer tie 

steering linkage. The right and left tie rods are attached rod joints. 

to the relay rod by ball studs. The tie rods have 

adjuster tubes for toe-in adjustments. Whenever, any steering linkage components are 
repaired or replaced, check the steering geometry and 
front end alignment. Refer to FRONT END ALIGNMENT 
(SEC. 3A). 


DIAGNOSIS OF STEERING LINKAGE 


Refer to POWER STEERING (SEC. 3B3). 
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ON-VEHICLE SERVICE 


MAINTENANCE 


STEERING LINKAGE INSPECTION 


Important 


e@ Damaged or broken steering linkage components 
must be replaced. Never attempt to repair these 
parts by welding or bending. 


Inspect (Figure 1) 


1. Raise vehicle on one side so tire is about 25mm 
(1-inch) off floor. 

. Set wheels in straight-ahead position. 

. Set steering wheel into locked position. 

Position dial indicator on wheel rim. 

Move wheel back and forth without moving 

steering wheel. Gage reading should not exceed 

2.74mm (0.108-inch). 

6. If gage reading exceeds specifications, inspect all 
linkage pivots and ball studs for looseness and 
replace where necessary. 


AR wWh 


. Move the wheel in and out 
at the front and back. 
. Position the dial indicator 
to check the movement of 
these points. 
F-10007 
Figure 1 — Checking Linkage Wear 


TIE ROD ENDS INSPECTION 


The tie rod ends are self-adjusting for wear and 
require periodic lubrication and inspection. Refer to 
MAINTENANCE AND LUBRICATION (SEC. OB). Tie rod 
ends should be replaced when excessive up and down 
motion Is present, or when excessive end play or loss 
of motion at the ball stud exists, 


IDLER ARM INSPECTION 


Inspect (Figure 2) 


1. Raise vehicle. Support vehicle with suitable 
jackstands. Allow front wheels to rotate freely and 
steering mechanism freedom to turn. Position 
wheels in a straight-ahead position. 

2. Place a spring scale near relay rod end of idler 
arm. Exert 110 N (25 Ibs.) force upward and then 
downward while measuring total distance arm 
moves. Allowable deflection is + 3.18mm (1/8- 
inch) for a total of 6.35mm (1/4-inch). Replace 
idler arm if it fails this test. 


A. 3.18mm (0.125-inch) 
B. Apply Spring Scale 


F-10008 
Figure 2 — Checking Idler Arm Movement 


Important 


e Jerking right wheel and tire assembly back and 
forth, causing an up and down movement of idler 
arm, is NOT an acceptable testing procedure. 
There is no control on amount of force being 
applied to idler arm. 

e Care should be used whenever shimmy 
complaints are suspected of being caused by 
loose idler arms. Before suspecting suspension or 
steering components, technicians should consider 
areas such as dynamic imbalance, runout or force 
variation of wheel and tire assemblies and road 
surface irregularities. Refer to WHEELS AND 


TIRES (SEC. 3E). 


STEERING LINKAGE 3B1 - 3 


TIE ROD REPLACEMENT 


There are two tie rod assemblies. Each assembly is 
of five piece construction, consisting of a sleeve, two 
clamps and two tie rod ends. The ends are threaded 
into a sleeve and secured with clamps. RH and LH 
threads are used for toe-in adjustments and steering 
gear centering. 


Important 


@ Before any service is undertaken, note position of 
tie rod adjuster tube, and direction from which 
bolts are installed. 


The tie rod adjuster tube components may be rusted. 
If the torque required to remove the nut from the bolt 
exceeds 9 Nm (7 ft. Ibs.) discard the nuts and bolts. 
Apply penetrating oil between the clamp and tube and 
rotate the clamps until they move freely. 


Tie Rod Nut 
Cotter Pin 
Outer Tie Rod 
Tie Rod Clamp 
Idler Arm 

Inner Tie Rod 
Relay Rod Nut 
Bolt 

Relay Rod 

. Pitman Arm 

. Spring Washer 
. Nut 

. Adjuster Tube 
. Clamp Bolt 


CMONOAAWON> 


Figure 3 — Steering Linkage 


Install all parts, with the correct part number, in the 
proper position. 

. All procedures for alignment, adjustment and 
assembly of tie rods applies to both left and right side. 


Important 


e Use Tie Rod Puller J 6627-A or Universal Steering 
Linkage Puller J 24319-01 to separate all tie rods 
and ball joints. 


Remove or Disconnect (Figures 3 and 5) 
Tools Required: 
J 6627-A Tie Rod Puller or 
' J 24319-01 Universal Steering Linkage Puller 


e@ Raise vehicle. 
jackstands. 


Support vehicle with suitable 


3B1 - 4 STEERING LINKAGE 


1. Cotter pin (2) and nut (1). 
2. Outer tie rod (3) ball studs from steering knuckle. 
Use J 6627-A or J 24319-01 (figure 5). 


NOTICE: Do not attempt to disengage the joint 
by driving a wedge-type tool between the joint 
and the knuckle, because seal damage could 
result. 


3. Nuts. 

4. Inner tie rod (6) ball studs from relay rod (9). Use 
J 6627-A or J 24319-01. 

5. Tie rod ends from adjuster tube (13). Loosen 
clamp bolts (14) and unscrew assemblies. 


Inspect 


— Tie rod end for damage. 

— Tie rod end seals for excessive wear. 

— Threads on tie rod and tie rod end for damage. 
— Ball stud threads for damage. 

— Adjuster tube for bending or damaged threads. 


Clean 


@ Threads on ball stud and in ball stud nut. 
@ Tapered surfaces. 


[+4] instal or Connect (Figures 3 and 4) 


Tools Required: 
J 29193 Steering Linkage Installer (12mm). 


NOTICE: For Steps 3 and 5 See "Notice" on 
Page 3B1-1 in this section. 


@ If tie rod ends were removed, lubricate tie rod 
threads with chassis lubricant. 


J 29193 


F-10013 
Figure 4 — Seating Ball Seat Tapers 


1. Tie rod ends to adjuster tube (13). The number of 
threads on both inner and outer tie rod ends must 


be equal within three threads. 


2. Inner tie rod (6) ball studs to relay rod (9). Make 
certain seal is on stud. Tighten J 29193 to 54 Nm 
(40 ft. Ibs.) to seat tapers. Remove tool. 

3. Nut (7) to inner tie rod ball stud. 


[Al Tighten 


@ Nut (12) to 47 Nm (35 ft. Ibs.). 


4. Outer tie rod (3) ball studs to steering knuckle. 
5. Nut (1). 


Tighten 


@ Nut (1) to 47 Nm (85 ft. Ibs.). 


Important 


e@ Advance nut to align nut slot with cotter pin hole. 
Never back nut off to align cotter pin hole. 


6. New cotter pin (2). Spread cotter pin ends. 


e@ Lower vehicle. 


Adjust (Figure 6) 


@ Toe-in. Refer to FRONT END ALIGNMENT 
(SEC. 3A). 


7. Adjuster tube clamp bolts (14). Before tightening 


clamp bolts, be sure following conditions have 
been met: 


e Clamps must be positioned between locating 
dimples at either end of adjuster tube. 

e Clamps must be positioned within angular travel 
shown in figure 6. 

@ Relationship of clamp slot with slot in adjuster 
tube must be as shown in figure 6. 

@ Both inner and outer tie rod ends must rotate 
for their full travel. Position of each tie rod end 
must be maintained as clamps are tightened to 
ensure free movement of each joint. 


fl Tighten 


@ Tube clamp bolts (14) to 19 Nm (14 ft. Ibs.). 


STEERING LINKAGE 3B1 - 5 


J 24319-01 


J 6627-A 


F-10010 
Figure 5 — Separating Steering Linkage 


IDLER ARM REPLACEMENT 


Important 


e@ Use Tie Rod Puller J 6627A or Universal Steering 
Linkage Puller J 24319-01 to separate all ball 
joints. 


Remove or Disconnect (Figures 3 and 5) 


Tools Required: 
J 6627-A Tie Rod Puller or 
J 24319-01 Universal Steering Linkage 
Puller 


e@ Raise vehicle. 
jackstands. 


Support vehicle with suitable 


1. Bolts (8) and nuts. 
2. Nut from idler arm ball stud. 


3. Relay rod (9) from idler arm (5). Use J 6627-A or 
J 24319-01. 
4. Idler arm (5). 


Inspect 


— Ball stud threads for damage. 
— Ball stud seal for cuts or other damage. 


Clean 


@ Threads on ball stud and in ball stud nut. 
Install or Connect (Figure 3 and 4) 


Tools Required: 
J 29193 Steering Linkage Installer (12mm) 


NOTICE: For Steps 1 and 3 see "Notice" on 
page 3B1-1 in this section. 


@ Position idler arm (5) on frame. 


1. Bolts (8). 


[Q] Tighten 


@ Bolts (8) to 82 Nm (60 ft. Ibs.). 


2. Relay rod to idler arm ball stud. Make certain seal 
is on stud. Tighten J 29193 to 54 N'm (40 ft. Ibs.) 
to seat tapers. Remove tool. 

3. Nut to idler arm ball stud. 


[Q] Tighten 


@ Nut to 47 Nm (85 ft. Ibs.). 
4. Lower vehicle. 


Adjust 


@ Toe-in. Refer to FRONT END ALIGNMENT (SEC. 
3A). 


RELAY ROD REPLACEMENT 
[2 ]!mportant 


e Use the proper tool to separate all ball joints. 


Remove or Disconnect (Figure 3 and 5) 


Tools Required: 
J 6627-A Tie Rod Puller or 
J 24319-01 Universal Steering Linkage Puller 


@ Raise vehicle. 


Support vehicle with sui 
jackstands. a 


3B1 - 6 STEERING LINKAGE 


1. Inner tie rods (6) relay rod nuts (7). 

2. Inner tie rods (6) ball studs from relay rod (9). 
Refer to "Tie Rod Replacement" in this section. 

3. Relay rod ball stud nut at pitman arm (10). 

4. Relay rod ball stud from pitman arm (10). Use J 
6627-A or J 24319-01. 

5. Relay rod ball stud nut at idler arm (5). 

6. Relay rod ball stud from idler arm (5). Use J 
6627-A or 24319-01. 
Relay rod (9). 


7. 
Inspect 


@ Threads on tie rod and tie rod end for damage. 
@ Ball stud threads for damage. 
e Ball stud seals for excessive wear. 


Clean 


@ Threads on ball stud and ball stud nut. 
Install or Connect (Figures 3 and 4) 


Tools Required: 
J paies Steering Linkage Installer 


(12mm) 


NOTICE: For Steps 2 and 4 see "Notice“on page 


3B1-1 in this section. 


. Outer Tie Rod 

. Inner Tie Rod 

. Clamp must be between and clear 
of dimples before torquing nut. 

. Clamp ends may touch when 
nuts are torqued to specifications, 
but gap must be visible adjacent 
to adjuster tube. 

. Rearward Rotation 

. Adjuster Tube Slot 

E. Center Line of Bolt 


F-10011 


Figure 6 — Tie Rod Clamp and Adjuster Tube Orientation 


1. Relay rod ball stud to idler arm (5). Make certain 
seal is on stud. Tighten J 29193 to 54 Nm (40 ft. 
Ibs.) in order to seat taper. 

2. Nut to relay rod ball stud at idler arm 


[A] Tighten 


@ Nut to 47 Nm (85 ft. Ibs.). 


3. Relay rod ball stud to pitman arm (10). Make 
certain the seal is on stud. Tighten J 29193 to 54 
Nm (40 ft. Ibs.) in order to seat taper. 

4. Nut to relay rod ball stud at pitman arm. 


[A] Tighten 


@ Nut to 47 Nm (85 ft. Ibs.). 


5. Inner tie rod (6) ball studs to relay rod (9). Make 
certain seal is on stud. Tighten J 29193 to 54 Nm 
(40 ft. Ibs.) in order to seat taper. 

6. Nut (7) to inner tie rod ball stud. 


[Al Tighten 


@ Nut (7) to 47 Nm (85 ft. Ibs.), 
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Adjust 


@ Toe-in. Refer to FRONT END ALIGNMENT (SEC. 


3A). 
PITMAN ARM REPLACEMENT 
Important 


e@ Use proper tool to separate all ball joints. 
Remove or Disconnect (Figures 3 and 7) 


Tools Required: 
J 6627-ATie Rod Puller or 
J 24319-01 Universal Steering Linkage Puller 
J 6632-01 Pitman Arm Puller or 
J 29107 Universal Pitman Arm Puller 


—_ 
. 


Pitman arm ball stud nut. 

2. Pitman arm ball stud from relay rod (9) using J 
6627-A or J 24319-01. 

3. Idler arm bolts (8). 

4. Pitman arm nut (12) and spring washer (11). 


NOTICE: Do not hammer on pitman arm, 
pitman shaft, or puller. Damage to the pitman 
arm or steering gear may result. 


5. Pitman arm (10). Use J 6632-01 or J 29107 (figure 
5). 


Inspect 


@ Ball stud threads for damage. 
@ Ball stud seals for excessive wear. 


Clean 


@ Threads on ball stud and ball stud nut. 


Install or Connect (Figure 3) 


: 


NOTICE: For Steps 2 and 4 see "Notice" on 


page 3B1-1 in this section. 


Pitman arm (10) on shaft. 


2. Spring washer (11) and nut (12). 


[a] Tighten 


e@ Nut to 250 Nm (185 ft. Ibs.). 


3. Position idler arm (5) to frame. 


4. 


Idler arm bolts (8). 


[A] tighten 


@ Bolts (8) to 82 Nm (60 ft. Ibs.). 


F-10012 
Figure 7 — Removing Pitman Arm 


3B1 - 8 STEERING LINKAGE 


SPECIFICATIONS 
N'm Ft. Lbs. 

Steering Knuckle to Tie Rod End Nut ........cseeeeeeeee 47 35 
Adjuster Tube Clamp Bolts......... i645 €e 000K ESS bXESS 19 14 
Tie Rod to Relay Rod ...casrncescasseessenescessnens 47 35 
Idier Arm to Relay ROd . cic ccc cen seeseccieseeccsews 47 35 
teller Ar) tO FEIN én ca cv eri se ree eewresesccsesuauss 82 60 
Pitman Arm to Steering Gear ..... cece eee ee eee eee 250 85 

SPECIAL TOOLS 


J 6627-A HOrzZe  —=«-: J. 2431901 


J 6632-01 


4 SD). J 29107 
. Tie Rod Puller 


. Pitman Arm Puller —-}H J 29193 
. Universal Steering Linkage Puller . 

. Universal Pitman Arm Puller 

. Steering Linkage Installer (12mm) GM Torque Prevailing Nuts 


Special Tool List 


POWER STEERING, DIAGNOSIS AND ON-VEHICLE SERVICE 3B2 - 1 
SECTION 3B2 


POWER STEERING, DIAGNOSIS AND 
ON-VEHICLE SERVICE 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 
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DESCRIPTION 


The hydraulic power steering system consists of a eA. Turning the wormshaft left moves the rack piston 
pump, an oil reservoir, a steering gear, a pressure hose, down in gear. The rack piston teeth mesh with the 


and a return hose. sector, which is part of the pitman shaft. Turning the 
wormshaft turns the pitman shaft, which turns the 
POWER STEERING GEAR wheels through the steering linkage. 


The control valve in the steering gear directs the 
; . ; ower steering fluid to either side of the rack pi 
The power steering gear has a recirculating ball The rack piston converts the hydraulic rather So 
system which acts as a rolling thread between the mechanical force. If the Steering system becomes 
wormshaft and the rack piston. The wormshaft is  gamaged and loses hydraulic pressure, the vehicle c 
supported by a thrust bearing preload and two conical be controlled manually. : sil 
thrust races at the lower end, and a bearing assembly 
in the adjuster plug at the upper end. When the 
wormshaft is turned right, the rack piston moves up in 


3B2 - 2 POWER STEERING, DIAGNOSIS AND ON-VEHICLE SERVICE 
HYDRAULIC PUMP 


The hydraulic pump is a vane-type design. The LLV 
uses a non-submerged style pump. This means that 
the reservoir is separate from the housing and internal 
parts (figure 1). 

There are two bore openings at the rear of the pump 
housing. The larger opening contains the cam ring, 
pressure plate, thrust plate, rotor and vane assembly, 
and end plate. The smaller opening contains the 
pressure line union, flow control valve, and spring. The 
flow control orifice is part of the pressure line union. The F-10020 
cbceheeostineny inside the flow control valve limits rious J — Povear Stesthig Paap 


DIAGNOSIS OF POWER STEERING SYSTEM 


Objectionable 1. Noisy relief valve in hydraulic pump. 1. There is some noise in all power 

"Hiss" ; steering systems. One of the most 
common is a hissing sound most 
evident at standstill parking. Hiss is a 
high frequency noise. *The noise is 
present in every valve and results from 
high velocity fluid passing valve orifice 
edges. There is no relationship 
between this noise and performance 
of steering. "Hiss" may be expected 
when steering wheel is at end of travel 
or when slowly turning at standstill. 

Do not replace valve unless "Hiss" is 

extremely objectionable. A 
replacement valve will also exhibit 
slight noise and is not always a cure 
for the objection. 


Rattle Or Chuckle | 1. Gear loose on frame. 1. Check gear mounting bolts. Torque 
Noise In Steering bolts to specifications. 
Gear 2. Steering linkage looseness. 2. Check linkage pivot points for wear. 
Replace if necessary. 
3. Pressure hose touching other parts of | 3. Adjust hose position. Do not bend 
vehicle. tubing by hand. 
4, Loose pitman arm. 4. Torque pitman arm bolt. 
5, Improper over-center adjustment. A 5. Adjust to specifications. 
slight rattle may occur on turns 
because of increase clearance off the 
"high point." This is normal and 
clearance must not be reduced below 
specified limits to eliminate this slight 
rattle. 
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DIAGNOSIS OF POWER STEERING SYSTEM (CONT.) 


Excessive Wheel 1. Air in system. 1. Add oil to pump reservoir and bleed. 

Kick-Back Or Check hose connectors for proper 

Loose Steering torque. 

2. Tighten attaching bolts to specified 
torque. 

3. Replace loose parts. 

4. Adjust bearings or replace with new 
parts as necessary. 

5. Adjust to specifications. 

. Replace poppet valve. 


. Steering gear mounting loose. 


. Steering linkage joints worn. 

. Front wheel bearings incorrectly 
adjusted or worn. 

. Steering gear improperly adjusted. 

. Worn or missing poppet valve (steering 
gear). 

. Damaged or worn steering gear. 


-& OO 


ou 


7. Disassemble and repair steering gear 
as outlined in unit repair manual. 


s 


Vehicle Leans To 
One Side Or The 
Other (Keep In 
Mind Road And 
Wind Conditions). 
Test Vehicle, 
Going In Both 
Directions, On A 
Flat Road 


. Front end misaligned. 

2. Unbalanced steering gear valve. If this 
is cause, steering effort will be very 
light in direction of lead and heavy in 
opposite direction. 

. Steering shaft rubbing inside diameter 
of shaft tube. 

. Steering linkage not level. 


. Adjust to specifications. 
2. Replace gear valve. 


i¢) 


3. Align column. 


4. Adjust as required. 


Momentary 
Increase In Effort 
When Turning 

Wheel Quickly To 
Right Or Left 


. Low oil level in pump. 
. Pump belt slipping. 
. High internal leakage (steering gear or 


pump). 


. Add power steering fluid as required. 
2. Inspect belt. Replace as necessary. 
Refer to ENGINE COOLING (SEC. 

6B1). 
3. Refer to "Power Steering System Test" 
in this section. 


Qn — 


Poor Return Of 
Steering 


1. Tires under-inflated. 
2. Lower coupling flange rubbing against 
steering gear adjuster plug. 
3. Steering wheel rubbing against 
directional signal housing. 
4. Tight or frozen steering shaft 
bearings. 
5. Steering linkage or ball joints binding. 
6. Steering gear to column misalignment. 
7. Tie rod pivots not centralized. 


1. Inflate to specified pressure. 

2. Loosen pinch bolt and assemble 
properly. 

3. Adjust steering jacket. 


4. Replace bearings. 


5. Replace affected parts. 
6. Align steering column. 
7. Adjust tie rod ends as required to 
center pivots. 

8. Lubricate. Refer to MAINTENANCE 
AND LUBRICATION (SEC. OB). 

9. Remove and clean or replace valve, 

10. Make certain spacer is properly 
seated. Lubricate inside diameter with 
silicone lubricant. 

11, Check and adjust to specifications. 

12. Adjust over-center and thrust bearing 

preload to specifications. 

13. Replace hose. 


8. Lack of lubricant suspension ball 
joints and steering linkage. 

9. Stuck or plugged valve spool. 

10. Rubber spacer binding in shift tube. 


11. Improper front end alignment. 
12. Steering gear adjusted too tightly. 


13. Kink in return hose. 
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DIAGNOSIS OF POWER STEERING SYSTEM (CONT.) 


Steering Wheel 1. Low oil level in pump. 1. Add power steering fluid as required. 
Surges Or Jerks 2. Loose pump belt. 2. Inspect belt. Replace as necessary. 
When Turning Refer to ENGINE COOLING (SEC. 
With Engine 6B1). 

Running 3. Replace or clean control valve. 
Especially During 4. Refer to "Power Steering System 
Parking Test" in this section. 

5. Replace gear relief valve. 


3. Sticky flow control valve. 
4. Insufficient pump pressure. 


5, Faulty gear relief valve. 


1. Adjust tire pressure. 

2. Lubricate and relubricate at proper 
intervals. Refer to MAINTENANCE 
AND LUBRICATION (SEC. OB). 

3. Align steering column. 

4. Inspect belt. Replace as necessary. 
Refer to ENGINE COOLING (SEC. 
6B1). 

5. Fill to proper level. Inspect lines and 
joints for external leakage. 

6. Refer to "Power Steering System 
Test’ in this section. 

7. Replace or clean valve. 

8. Loosen the pinch bolt and assembly 
properly. 

9. Adjust over-center and thrust bearing 
preload to specifications. 

10. Check and adjust to specifications. 


Hard Steering 
Effort In Both 
Directions 


1. Low tire pressure. 
2. Lack of lubricant in suspension or ball 
joints. 


3. Steering gear to column misalignment. 
4. Pump belt slipping. 


5. Low fluid level in reservoir. 


6. High internal leakage (steering gear or 
pump). 

7. Sticky flow control valve. 

8. Lower coupling flange rubbing against 
steering gear adjuster plug. 

9. Steering gear adjusted too tight. 


10. Improper front end alignment. 


Foaming Milky 
Looking Power 
Steering Fluid, 
Low Level And 
Possible Low 
Pressure 


1. Air in fluid, and loss of fluid due to 
internal pump leakage causing 
overflow. 


1. Check for leak and correct. Bleed 
system. Extremely cold temperatures 
will cause system aeriation should oil 
level be low. If oil level is correct and 
pump still foams, remove pump from 
vehicle and separate reservoir from 
housing. Check welsh plug and 

housing for cracks. If plug is loose or 

housing is cracked, replace housing. 


Low Oil Pressure 
Due To 
Restriction In 
Hose 


1. Check for kinks in hose. 


1. Remove kinks or replace hose. 
2. Foreign object stuck in hose. 


2. Remove foreign object or replace 
hose, 


1. Pressure loss in cylinder due to worn 
piston ring or scored housing bore. 


Low Oil Pressure 
Due To Steering 
Gear. Refer to 
“Power Steering 
System Test" In 
This Section 


1. Disassemble steering gear as 
outlined in unit repair manual. Inspect 
ring and housing bore. Replace 
affected parts. 

2. Disassemble steering gear and 
replace seals, 

3. Replace valve. 


2. Leakage at valve rings and valve body 
to worm seal. 

3, Leakage at valve body or a loose fitting 
spool. 

4, Damaged poppet valve. 


4. Replace poppet valve. 
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DIAGNOSIS OF POWER STEERING SYSTEM (CONT.) 


Low Oil Pressure 1. Flow control valve stuck or 1. Replace or clean valve. 


Due To Steering inoperative. 
Pump. Refer To 2. Pressure plate not flat against cam 2. Replace pressure plate. 
"Power Steering ring. 


3. Replace and flush system. 

4. Replace parts. (If rotor, replace with 
rotating group), flush system. 

5. Free-up by removing burrs, varnish 


System Test" In 
This Section 


3. Extreme wear of cam ring. 

4. Scored pressure plate, thrust plate or 
rotor. 

. Vanes sticking in rotor slots. 


or dirt. 

. Vanes not installed properly. 6. Install properly. Radius edge to 
outside. 

. Air in oil. 7. Locate source of leak and correct. 
Bleed system. 


8. Low oil level. 
. Pump belt slipping. 


8. Add power steering fluid as required. 
9. Inspect belt. Replace as necessary. 
Refer to ENGINE COOLING (SEC. 

6B1). 
10. Replace as necessary. 


10. Damaged hoses or steering gear. 


Chirp Noise In 
Steering Pump 


1. Pump belt slipping. 1. Inspect belt. Replace as necessary. 
Refer to ENGINE COOLING (SEC. 


6B1). 


Belt Squeal 
(Particularly 
Noticeable At Full 
Wheel Travel And 
Standstill 


1. Pump belt slipping. 1. Inspect belt. Replace as necessary. 
Refer to ENGINE COOLING (SEC. 


6B1). 


Parking) 

Growl Nolse In 1. Excessive back pressure hose or 1. Locate restriction and correct. 
Steering Pump steering gear caused by restriction. 

Growl Nolse In 1. Scored pressure plates, thrust plate or 1. Replace parts and flush system. 
SteerIng Pump rotor. 

(Particularly 2. Extreme wear of cam ring. 2. Replace parts. 

Noticeable At 

Standstill 


Parking) 


1. Low oil level. 
2. Air in oil. Poor pressure hose 
connection. 


Groan Nolse In 
Steering Pump 


1. Add power steering fluid as required. 
2. Torque connector. Bleed system. 


Rattle Or Knock 
Noise In Steering 
Pump 


1. Loose pump pulley nut. 
2. Pump vanes sticking in rotor slots. 


1. Torque nut. 


2. Free up by removing burrs, varnish 
or dirt. 
3. Adjust hose position. 


3. Pressure hose touching other parts of 
vehicle. 
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DIAGNOSIS OF POWER STEERING SYSTEM eee 


PROBLEM POSSIBLE CAUSE | =. ss CORRECTION, =— sd 
Swish Noise In 1. Faulty flow control valve. 1. Replace part. 
Steering Pump 
Whine Noise In 1. Pump shaft bearing scored. 1. Replace housing and shaft. Flush 
Steering Pump system. 


LOCATING OIL LEAKS 3. Start engine and turn steering wheel from stop to 


stop several times. ‘Do not hold wheel against stops 
‘ Ano , , as this may damage pump. 
1. With vehicle’s engine off, wipe complete power 4 | ocate exact area of leak (figure 2). 


Steering system dry (gear, pump, hoses, and A. Housing Plug Seal - Seat plug in housing. 
SERINOCTE NS). P , ‘ ; Following manufacturer's directions apply 

2. Check oil level In pump’s reservorr and adjust as Loctite 75559 solvent and Loctite 290 adhesive 
explained under "Fluid Level Adjustment" in this or equivalent, to plug-housing area ; 
section. 7 i 


. Driveshaft Seal 
. Side Cover Leak 
C. Return Line Fitting . Pressure Line Fitting 
D. Reservoir Tube . Adjuster Plug Seal 
‘E. Pressure Line Fitting Pitman Shaft Seals 
F. Ball Seat Leak . Top Cover Seal 
F-10021 


A. Housing Plug Seal 
B. Housing Seal 


Figure 2 — Fluid Leak Locations 


POWER STEERING, DIAGNOSIS AND ON-VEHICLE SERVICE 3B2 - 7 


B. Housing Seal - Replace seal. 

Side Cover Leak - Torque side cover bolts to 60 
N'm (45 ft. Ibs.). Replace side cover seal if 
leakage persists. 

C. Return Line Fitting - Tighten hose clamp if 
loose. If fitting is deformed, replace it, apply 
Loctite 75559 solvent and loctite 290 adhesive 
or equivalent to tube-housing connection. 

D. Reservoir Tube - Replace O-ring. 

E. Pressure Line Fitting - Torque hose fitting nut to 
27 Nm (20 ft. Ibs.). If leakage persists, replace 
seal. 

F. Ball Seat Leak - Seat ball in housing with a 
blunt punch. Following manufacturer’s 
directions, apply Loctite 75559 solvent and 
Loctite 290 adhesive or equivalent to area. 

G. Propeller Shaft Seal - Replace driveshaft seal. 
Make certain that driveshaft is clean and free of 
pitting in seal area. 

H. Side Cover Leak - Torque side cover bolts to 60 
Nm (45 ft. Ibs.). Replace side cover seal if 
leakage persists. 

I. Pressure Line Fitting - Torque hose fitting nut to 
27 N'm (20 ft. Ibs.). If leakage persists, replace 
seal. 

J. Adjuster Plug Seal - Replace adjuster plug 

seals. 

Pitman Shaft Seals - Replace seals. 

Top Cover Seal - Replace seal. 


cA 


POWER STEERING 
SYSTEM TEST 


TEST PROCEDURE (Figures 3 and 4) 


Tools Required: 
J 5176-D Power Steering Pressure Tester 
J 5421-02 Thermometer 


The power steering system test is a method used to 
identify and isolate hydraulic circuit difficulties. Prior to 
performing this test, the following inspection and 
corrections, if necessary, must be made. 


Inspect 


@ Pump reservoir for proper fluid level. 

e Pump Belt. Refer to ENGINE COOLING (SEC. 
6B1). 

e@ Pump drive pulley condition. 


Important 


e All tests are made with engine idling at normal 
operating temperature. Check idle adjustment and 
if necessary adjust engine idle speed to correct 
specification. 


A. Pressure Hose To Steering Gear 
B. Shut Off Valve 
C. Pressure Hose From Pump 


Figure 3 — Checking Power Steering 
Pressure 


J 5421-02 


ature 


1. Place a container under steering gear or pump to 


catch fluid when disconnecting or connecting 
hoses. 


2. With engine NOT running, disconnect pressure 


hose at steering gear or power steering pump and 
install J 5176-D to both hoses (figure 3). Gage 
must be between shutoff valve and pump. Open 
shutoff valve. 


3. Remove filler cap from pump reservoir and check 


fluid level. Fill pump reservoir, with power steering 
fluid, to full mark on dipstick. Start engine and, 
momentarily holding steering wheel against stop, 
check connections at J 5176-D for leakage. 


4. Bleed system as explained under "Bleeding the 


Power Steering System" in this section. 


5. Insert thermometer J 5421-02 in reservoir filler 


opening. Move steering wheel from stop to stop 
several times until thermometer indicates that 
hydraulic fluid in reservoir has reached a 
temperature of 65° to 77°C (150° to 170°F) 
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Important 


e@ To prevent scrubbing flat spots on tires, do not 
turn steering wheel more than five times without 
rolling vehicle to change tire-to-floor contact area. 


6. When engine is at normal operating temperature, 
initial pressure reading on gage (valve open) 
should be between 550-860 kPa (80-125 psi). 
Should this pressure be in excess of 1380 kPa 
(200 psi), check hoses for restrictions and poppet 
valve for proper assembly. 


NOTICE: Do not leave valve fully closed for 
more than five seconds as the pump could be 
damaged internally. 


7. Fully close gate valve three times. Record highest 
pressure attained each time. 

e@ If pressure recorded is 7585-8274 kPa (1100- 
1200 psi), and the range of readings within 345 
kPa (50 psi), the pump is functioning within its 
specifications. 

@ If pressures recorded are high, but do not 
repeat within 345 kPa (50 psi), flow controlling 
valve is sticking. Remove valve, clean it and 


remove any burrs using crocus cloth or fine hone. If 

system contains some dirt, flush it. If it is exceptionally 

dirty, both pump and gear must be completely 

disassembled, cleaned, flushed and reassembled 
before further usage. 

e |fthe pressures recorded are constant but more 

than 690 kPa (100 psi), below 7585 kPa (1100 

psi), replace flow control valve and recheck. If 

pressures are still low, replace rotating group in 


pump. 


8. If pump checks within specifications, leave valve 
open and turn (or have turned) steering wheel into 
both corners. Record highest pressures and 
compare with the maximum pump _ pressure 
recorded, If this pressure cannot be built in either 
(or one) side of gear, the gear is leaking internally 
and must be disassembled and repaired. 

9. Shut engine off, remove testing gage, reconnect 
pressure hose, check fluid level and/or make 
needed repairs. 

10. If the problem still exists, steering and front 
Suspension must be thoroughly examined as 
explained under "Diagnosis of Power Steering 
System" in this section. 


ON-VEHICLE SERVICE 


MAINTENANCE 


The hydraulic system should be kept clean. At 
regular intervals the pump steering fluid level in the 
reservoir should be checked and fluid added when 
required. Refer to MAINTENANCE AND LUBRICATION 
(SEC. OB) for fluid to be used and intervals for filling. 

If the system contains some dirt, flush it as described 
later in this section. If it is exceptionally dirty, both the 
pump and the gear must be completely disassembled 
before further usage. 

All tubes, hoses, and fittings should be inspected for 
leakage at regular intervals. Fittings must be tight. 

Make sure the clips, clamps and supporting tubes and 
hoses are in place and properly secured. 

Inspect the hoses with the wheels in the straight- 
ahead position, then turn the wheels fully to the left and 
right, while observing the movement of the hoses. 
Correct any hose contact with other parts of the vehicle 

that could cause chafing or wear. 

Power steering hoses and lines must not be twisted, 
kinked or tightly bent. The hoses should have sufficient 
natural curvature in the routing to absorb movement 
and hose shortening during vehicle operation, = 

ey ill cause spongy action and noisy 
Air in the system will C2US" ected or when fluid 

operation, When a hose is disconn 


is lost, for any reason, the system must be bled after 
refilling as explained under "Bleeding. the Power 
Steering System" in this section. : 


FLUID LEVEL 


1. Run engine until power steering fluid reaches 
normal operating temperature, about 80°C (170°F), 
then shut engine off. 

2. Remove reservoir cap and check fluid level on 
dipstick. On models equipped with a remote 
reservoir, fluid level should be about 12.7 to 25.4 
mm (1/2 to 1-inch) from top when wheels are in 
full left turn position. 

3. If fluid level is low, add power steering fluid as 
specified in MAINTENANCE AND LUBRICATION 
(SEC. OB) to proper level and install reservoir Cap. 

4. When checking fluid level after steering system 
has been serviced, air must be bled from system 
as explained under "Bleeding the Power Steering 
System" in this section. 


POWER STEERING, DIAGNOSIS AND ON-VEHICLE SERVICE 3B2 - 9 


BLEEDING POWER STEERING 
SYSTEM 


When a power steering pump or gear has been 
installed, or an oil line has been disconnected, the air 
that has entered the system must be bled out before 
the vehicle is operated. If air is allowed to remain in the 
power steering fluid system, noisy and unsatisfactory 
operation of the system may result. 


BLEEDING PROCEDURE 


10. 


1. 


@ When bleeding system, and any time fluid is 
added to power steering system, be sure to use 
only power steering fluid as specified in 
MAINTENANCE AND LUBRICATION (SEC. OB). 


Fill pump fluid reservoir to proper level and let fluid 
settle for at least two minutes. 

Start engine and let run for a few seconds. Then 
turn engine off. 

Add fluid if necessary. 

Repeat above procedure until fluid level remains 
constant after running engine. 

Raise front end of vehicle so that wheels are off 
ground. 

Start engine. Slowly turn steering wheel right and 
left, lightly contacting wheel stops. 

Add power steering fluid if necessary. 

Lower vehicle and turn steering wheel slowly from 
lock to lock. 

Stop engine. Check fluid level and refill as 
required. 

If fluid is extremely foamy, allow vehicle to stand a 
few minutes and repeat above procedure. 


Inspect 


e@ Belt for tightness. 

e Pulley for looseness or damage. Pulley should not 
wobble with engine running. 

e Hoses so they are not touching any other parts of 
vehicle. 

@ Fluid level and fill to proper level. 


FLUSHING POWER STEERING 
SYSTEM 


Raise front end of vehicle off ground until wheels 
are free to turn. 


2. Remove fluid return line at pump inlet connector 
and plug connector port on pump. Position line 
toward a large container to catch draining fluid. 

3. While an assistant is filling reservoir with new 
power steering fluid, run engine at idle. Turn 
steering wheel from stop to stop. DO NOT contact 
wheel stops or hold wheel in a corner or fluid will 
stop and pump will be in pressure relief mode. A 
sudden overflow from reservoir may develop if 
wheel is held at a stop. 

4. Install all lines and hoses. Fill system with new 
power steering fluid and bleed system as 
explained under "Bleeding the Power Steering 
System’ in this section. Operate engine for about 
15 minutes. Remove pump return line at pump 
inlet and plug connection on pump. While refilling 
reservoir, check draining fluid for contamination. 
If foreign material is still evident, replace all lines, 
disassemble and clean or replace power steering 
system components. Do not re-use any drained 
power steering fluid. 


STEERING GEAR REPLACEMENT 


Remove or Disconnect (Figure 5) 


e@ Place a drain pan below steering gear. 
1. Hoses from steering gear. 
e@ Cap or tape ends of hoses and gear fittings to 
prevent entrance of dirt. 
2. Lower clamp bolt (8). 
e@ Draw alignment marks (figure 5) on clamp (12) 
and steering shaft (4) before removing clamp. 
3. Clamp (12) from steering shaft (4). 
4. Pitman arm. Refer to STEERING LINKAGE (SEC. 
3B1). 
5. Bolts (10) and flat washers (9). 
6. Steering gear (8). 
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Alignment Marks 
. Upper Clamp 
Upper Clamp Bolt 
. Lower Clamp Bolt 
. Steering Shaft 

. Return Port 

. Adjuster Screw 
Jam Nut 

. Steering Gear 

. Flat Washer 

10. Mounting Bolt 

11. Feed Port 

12. Lower Intershaft Clamp 
13. Intershaft 

14. Mainshaft 


OMDNOnORWON = P 


F-10023 
Figure 5 — Steering Gear Assembly 


py Tighten 


@ Bolt (3) to 36 Nm (27 ft. Ibs.). 
@ Hose coupling to 27 N'm (20 ft. Ibs.). 

7. Bleed system as explained under Bleeding the 
Power Steering System" in this section. 


PITMAN SHAFT SEAL 
REPLACEMENT 


[+9] Remove or Disconnect (Figures 6 and 8) 


Install or Connect (Figure 5) 


NOTICE: For steps 2 and 5 see "Notice" on 
Page 3B2-1 in this section. 


1. Steering gear (8). 
2. Flat washers (9) and bolts (10). 


[a] Tighten 


@ Bolts (10) to 75 Nm (55 ft. Ibs.). 
3. Pitman arm. Refer to STEERING LINKAGE (SEC. 


3B). 


Tools Required: 
J 4245 Internal Snap Ring Pliers 


j ft. 
4, Clamp (12) to steering sha 
@ Make sure alignment marks line up. . Pitman arm. Refer to STEERING LINKAGE (SEC. 
5. Clamp bolt (3). 3B1). 
6. Hoses. . Snap ring (19), use J 4245. 


@ Position a drain pan under steering gear. 
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3. Start engine. 
@ Turn steering wheel from stop to stop bouncing 
wheel off stops. 


4. Flat washers (16 and 18) and seals (15 and 17). 
Stop engine. 


5. 
Inspect 


e@ Pitman shaft seal surfaces for roughness or pitting. 
If pitted, replace shaft. 


@ Housing for burrs. Remove burrs before installing 


new seals. 


Clean 


@ Pitman shaft and seal areas using a crocus cloth. 


F-10024 
Figure 6 — Removing Snap Ring 


Install or Connect (Figures 7 and 8) 


Tools Required: 
J 4245 Internal Snap Ring Pliers 
J 6219 Seal Installer 


e@ Lubricate new seals with power steering fluid. 
e Apply single layer of tape to pitman shaft to avoid 
damaging seals. 


1. Single lip seal (15) and flat washer (16), using J 
6219. 
e Install far enough to provide clearance for 
remaining seal, flat washer, and retaining ring. DO 
NOT allow seal to bottom in bore. 


2. Double lip seal (17) and flat washer (18), use J 
6219. 


F-10025 


. Steering Gear 
. Single Lip Seal 
. Flat Washer 

. Double Lip Seal 
. Flat Washer 

. Snap Ring 


F-10033 
F-10033 Figure 8 — Pitman Seal Assembly 
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3. Snap ring (19), use J 4245. 
4. Center steering gear. 
e Turn wheel until it stops. 
e@ Turn wheel in opposite direction until it stops, 
"while counting number of turns. 
e Turn wheel back 1/2 the number of turns in 
previous step. 


5. Pitman arm. Refer to STEERING LINKAGE SEC. 
3B1). 

6. Bleed system as explained under "Bleeding the 
Power Steering System" in this section. 


STEERING GEAR ADJUSTMENT 


Steering gear adjustments are made only as 
corrections and not as periodic adjustments. Before 
any adjustments are made, refer to "Diagnosis of Power 
Steering System" to review the possible steering system 
problems. 

Adjusting the steering gear in the vehicle is NOT 
recommended. The gear should be removed from the 
vehicle and mounted in a vise. 

The steering gear requires two adjustments, the 
worm thrust bearing preload and the pitman shaft over- 

enter preload adjustment. The worm thrust bearing 
baad must be adjusted first, followed by the pitman 
shaft over-center preload adjustment. 


Remove or Disconnect 


1. Steering gear as explained under "Steering Gear 
Replacement’ in this section. 


WORM BEARING PRELOAD ADJUSTMENT 


Tools Required: 
J 7624 Adjustable Spanner Wrench 


2. Remove adjuster plug nut (figure 9). 
@ To aid in removal, use a hammer and a brass 
punch, 


3. Turn adjuster plug in, using J 7624. 
e Plug and thrust bearing must be firmly 
bottomed in housing. 


[a] Tighten 


e Adjuster plug to 27 Nm (20 ft. Ibs.). 


4. Place index mark on housing even with one of 


holes in adjuster plug (figure 10). 
5. Measure back (counterclockwise) 13mm (0.50- 
inch) from index mark and put a second mark on 


housing (figure 11). 


A. Index Mark 


Figure 10 — Alignment Marking Adjuster Plug 
Hole with Housing 


B. Second Index Mark 


"F-10026 
Figure 11 — Remarking Housing 
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6. Rotate adjuster plug back (counterclockwise) until 
hole in plugs is aligned with second mark on 
housing (figure 12). 

7. Install adjuster plug nut. 

e Be sure adjuster plug does not turn while 
tightening nut. 


A. Stub Shaft Flat 
B. Side Cover 


B-08246 


A. First Index Mark 
B~Second Index Mark 


ee 


F-10151 
Figure 12 — Aligning Adjuster to Second 


Mark 
OVER-CENTER PRELOAD ADJUSTMENT 


1. Rotate stub shaft from stop to stop and count 
number of turns. 


2. Starting at either stop, turn stub shaft back 1/2 6. Adjuster Screw 
total number of turns. This is "center* of gear. A. Master Spline On 
@ When gear is centered, flat on stub shaft should The Pitman Shaft 
face upward and be parallel with side cover 
(figure 13), and master spline on pitman shaft Figure 14 — Aligning Pitman Shaft Master 
should be in line with adjuster screw (6) (figure Spline 
14). 


3. Turn pitman shaft adjuster screw counterclockwise 
until fully extended, then turn back in one full turn. 

4. Place torque wrench in vertical position on stub 
shaft. Rotate torque wrench 45 degrees each side 
of center and record highest drag torque 
measured on or near center (figure 15). 

5. Turn adjuster in until torque required to turn stub 
shaft is 0.6 to 1.2 N'm (6.0 to 10.0 in. Ibs.) greater 
than reading in step 4. 


A. Center Line 
A - er, 


Fe 
i a 
ase ~~ g50 | 


= 
Gy 
uM \L B-07334 


Figure 15 — Checking Over-Center 
Rotational Torque 
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[al Tighten 5. Pulley. : 
@ Install J 29785-A. Be sure pilot bolt bottoms in 
e Adjuster jam nut to 27 Nm (20 ft. Ibs.). pump shaft by turning nut to top of pilot bolt. 
®@ Hold pilot bolt. 
Install or Connect @ Turn nut counterclockwise. 


6. Mounting bolts (23). 
6. Steering gear as explained under "Steering Gear 7. Pump (21). 
Replacement" in this section. 


POWER STEERING 


Tools Required: 
PUMP REPLACEMENT 5 25033-B Pulley Installer 


Install or Connect (Figures 16 and 18) 


Remove or Disconnect (Figures 16 and 17) NOTICE: For steps 2, 4 and 5 see "Notice" on 
page 3B2-1 of this section. 
Tools Required: 
J 25034-B Puller 1. Pump (21). 
2. Mounting bolts (23). 

e Place a drain pan below pump. 
Hoses. Cap hoses. 
Upper fan shroud. 


Loosen tensioner assembly. 
Belt, J 25034-B 


1 
2. 
3. 
4. 


A. Turn Tool Here 
B. Hold Tool Here F-10029 


20. Bracket 
21. Pump 
22. Pulley 
23. Bolt 


F-10028 
Figure 16 — Power Steering Pump Mounting 


A. Hold Tool Here 
B. Turn Tool Here F-10030 


Figure 18 — Installing Pump Pulley 
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Al Tighten 


oe 


@ Bolts (23) to 27 Nm (20 ft. Ibs.). 


Pulley. 

@ Place pulley on end of pump shaft. 

@ Install J 25033-B. Be sure pilot bolt bottoms in 
shaft by turning nut to top of pilot bolt. 

@ Hold pilot bolt. 

e@ Turn nut clockwise. 

Belt. 

Upper fan shroud 

Hoses. 

Fill and bleed system as explained under 

“Bleeding the Power Steering System" in this 

section. 


Inspect 


@ Hoses for clearance. 


. Feed Line 

. Return Line 

. “Idle‘ Speed Pressure Switch 
. Pump 


POWER STEERING HOSES 


When either a hose is reinstalled or replaced, the 
following points are essential: 

e Route hoses in same position they were in before 
removal (figure 19). 

e Route hoses smoothly, avoid sharp bends and 
kinking. 

e After hoses are installed, check for leaks while the 
system is being bled as explained under "Bleeding 
the Power Steering System" in this section. 


NOTICE: Do not start the engine with any 


power steering hose disconnected, or damage 
to the components could occur. 


F-10031 


Figure 19 — Hose Routing 
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POWER STEERING PUMP 
RESERVOIR REPLACEMENT 


Remove or Disconnect (Figure 20) 


1. Raise vehicle. 

. Lower clip (83) using two screwdrivers. Insert one 
screwdriver into tab and pry up. Use second 
screwdriver to slide clip rearward. 

3. Lower vehicle. 

@ Place drain pan under steering pump. 

4. Air intake hose from air cleaner. Position out of 

way. 


Return hose (25). Allow fluid to drain into pan by 
removing capstick (30). 


6. Upper clip (29) using same method as with lower 
Clip. 
7. Pull reservoir (31) to left to disengage tube from 
pose tee): . Return Line 
r . Steering Pump 
[Is] inspect . Upper Clip 
e O-ring for nicks or cuts. Replace if necessary. : aire 
Note that O-ring may stay in pump when reservoir ecw 


: . O-Ring 
is removed. . Lower Clip 


F-10032 
Install or Connect 


Figure 20 — Power Steering Resevoir 
1. O-ring (82) to reservoir tube. 


2. Reservoir (31) to pump (28). . 


3. Upper clip (29). Tap into place using small 
hammer. 


4. Raise vehicle. 
’ 5, Lower clip (33). 
hammer. \ 
Lower vehicle. me 
. Return hose (25). : 
. Air intake hose. 
. Fill with new Power Steering Fluid (GM part 

number 1050017 or equivalent). Check for leaks. 


Tap into place using small 


oon 
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SPECIFICATIONS 


POWER STEERING PUMP 


Pump Pressure Readings 
with J 5176-D 
Power Steering Pressure Tester 


Valve Open Valve Closed 


550-860 kPa (80-125 psi) | 7585-8274 kPa (1100-1200 
psi) within 345 kPa (50 psi) 


POWER STEERING GEAR 


Turns of Steering Worn Over-Center Lubricant 
Wheel (Lock-to Bearing Preload 
Lock - Linkage Preload 
Disconnected) 


Non-Submerged 
Vane-Type 


Recirculating Refer to Refer to Power Steering 
Ball, Torsion- 4.13 to 4.32 "Steering Gear | "Steering Gear Fluid No. 
Bar-Controlled Adjustment" in | Adjustment" in 1050017 or 
Flow Valve this section. this section. equivalent 


TORQUE SPECIFICATIONS 


Power Steering Pump N'm Ft. Lbs. 
Pressure LING FREQ 14. asses cancers eenwews eeeen wees 27 20 
Bracket to GIMGK BOE ps ccc ce eis eeseusosesnecaeeseaes 50 37 
POMP to Bracket BO ..cis os cen ce ces tise s de ve eie tees 25 18.5 
Steering Gear 

Gear ta Frania Bons «<0 os 645 kG ewes Oe THES PESTS RD AO KR 75 55 
Side Cover BONS ou vac s a 6456564504 5 wR SK EOE ES COD Eas 60 45 
Coupling Pirie Bot ..ccccacnvicaccecawscenseasacuws 36 27 
Pitan Shalt Nt. cys cavsw sh 66054 SKS See Se OE ORO 251 185 


Pitman Shaft Preload Adjuster Screw Jam Nut ............ 27 20 
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SPECIAL TOOLS 


J 5176-D 


J 5421-02 


J 25034-B 


J 25033-B | 


. Power Steering Pressure Tester 0-2000 P.S.I.—Inciudes J 5176-5 & J 5176-20 
. Thermometer (0° to 220°F). Glass. 


. Snap Ring Pliers #23 Internal (.070”" Dia. Straight Tip) 
. Pitman Shaft Oil Seal Installer 


. Adjustable Spanner Wrench 
. Power Steering Pump Pulley Remover 
| . Power Steering Pump Pulley Installer 
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SECTION 3B3 
POWER STEERING, UNIT REPAIR 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it., If the above conditions are not followed, 
parts or system damage could result. 
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DESCRIPTION 


The hydraulic power steering system consists of a 
pump, an oil reservoir, a steering gear, a pressure hose, 
and a return hose. 

The power steering gear (figure 1) has a recirculating 
ball system which acts as a rolling thread between the 
wormshaft and the rack piston. The wormshaft is 
supported by a thrust bearing preload and two conical 
thrust races at the lower end, and a bearing assembly 
in the adjuster plug at the upper end. When the 
wormshaft is turned right, the rack piston moves up in 
gear. Turning the wormshaft left moves the rack piston 
down in gear. The rack piston teeth mesh with the 
sector, which is part of the pitman shaft. Turning the 
wormshaft turns the pitman shaft, which turns the 
wheels through the steering linkage. 

The control valve in the steering gear directs the 
power steering fluid to either side of the rack piston. 
The rack piston converts the hydraulic pressure into a 
mechanical force. If the steering system becomes 
damaged and loses hydraulic pressure, the vehicle can 
be controlled manually. 


STEERING GEAR REPAIR 


NOTICE: Repair the steering gear in a clean, 
dust-free location, using clean tools and 
equipment. Dirt or grit will damage the 
machined surfaces and result in leakage or 
damage to the steering gear assembly. 


If broken components or foreign materials are found 
during disassembly of the gear, the hydraulic system 
should be disassembled, inspected, cleaned and 
flushed before servicing is complete. 

The ball nut and control rings (Seals) generally need 
not be replaced unless cut or damaged. If cut or 
damaged, inspect all mating parts for burrs, cracks, 
scratches, or damage. Replace or repair as needed. 

In some instances, "power steering fluid" will be 
specified to lubricate parts upon assembly. In these 
cases, GM Power Steering Fluid, part no. 1050017 or 
equivalent should be used. DO NOT use brake fluid, 
automatic transmission fluid, or other non-approved 
fluids. DO NOT use fluid that has been drained. 


[$+] Disassemble (Figures 1 through 12) 


Tools Required: 
J 4245 Internal Snap Ring Pliers 
J 21552 Ball Retainer Tool 
J 8524-1 Bearing Remover 
J 7624 Spanner Wrench 
J 7079-2 Driver 
J 6278 Pitman Shaft Bearing Remover 
and Installer 
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1. Retaining Ring 
2. Plug 

3. Seal 

4. Ring 

5. Seal 

6. Plug 

7. Rack Piston 
8. Screw 

9. Clamp 

10. Ball Guide 
11. Balls 

12. Bolt 

13. Nut 

14. Side Cover 
15. Seal 

16. Adjuster Screw 
17. Pitman Shaft 
18. Valve 

19. Housing 

20. Races 

21. Bearing 

22. Wormshaft 
23. Seal 

24. Stub Shaft 

25. Bearing 

26. Seal 

27. Flatwasher 

28. Retaining Ring 
29. Spring Washer 
30. Nut 

31. Nut 

32. Retaining Ring 
33. Flatwasher 

34. Seal 

35. Bearing 

36. Adjuster Plug 
37. Seal 

38. Race 

39. Bearing 4 
40, Race 

41, Spacer 

42. Bearing Retainer 
43, Spacer 
44, Seal 

45. Rings 

46, Valve Body 
47. Seal 

48, Valve Spool 


F-10041 


Figure 1 — Integral Steering Gear Components 


POWER STEERING, UNIT REPAIR 3B3 - 3 


apo 


10. 


Retaining ring (1) (figure 2). 

Pry retaining ring out of housing groove with 
screwdriver (figure 3). 

Plug (2). Turn stub shaft (24) counterclockwise 
only until plug is forced out of cylinder. 

Seal (3). 

Plug (6), from rack piston (7) (figure 4). 

Nut (13), bolt (12), side cover (14), and seal (15). 
Turn adjuster screw (16) clockwise until side cover 
separates from pitman shaft. 

Pitman shaft (17). Turn stub shaft (24) 
counterclockwise until pitman shaft teeth (17) and 
rack piston (7) disengage. 

Retaining ring (28) with J 4245. 

Flat washers (27) and seals (26) using a 
screwdriver. 

Bearing (25) if necessary, use tool J 6278 (figure 
5). 

Rack piston (7) and balls (11). 

Insert tool J 21552 into rack piston bore with pilot 
of the tool seated into end of wormshaft (22). 
Hold tool against wormshaft and turn stub shaft 
counterclockwise. Rack piston (7) will be forced 
onto the tool. 

Hold tool and pull rack piston toward handle until 
it is against flange on tool. This will prevent circuit 
balls from falling out. 

Adjuster nut (31). 

Adjuster plug (86) using J 7624 (figure 6). 
Retaining ring (32) using J 4245. 

Flat washer (33), seal (84) and bearing (35). 
Bearing retainer (42). Pry retainer with a 
screwdriver at raised area (figure 7). 

Seal (37) and needle bearing (35). Use J 8524-1 
and J 7079-2 (figure 8). 

Valve body (46) and wormshaft (22) as an 
assembly, with both races (20) and bearing (21). 
Wormshaft (22) from valve assembly (figure 9). 
Races (20) and bearing (21) from wormshaft (22). 
Seal (23). 

Stub shaft (24) from valve body (46) (figure 10). 
Hold assembly and lightly tap stub shaft against 
bench until shaft cap is free from valve body. 

Pull shaft assembly until shaft cap clears valve 
body by about 6mm (1/4-inch). 


. Hammer 
. Punch a 
. Retaining Ring 


A. Screwdriver 
B. Punch 
1. Retaining Ring 


Figure 4 — Removing Rack Piston 
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e@ Valve spool (48) and seals (44 and 47) (figure 


11). 
15. Screws (8), clamp (9), and ball guide (10). 
@ Balls (11). 


Important 


@ The following procedure should not be performed 
with the valve assembly in the gear housing. 


16. Valves (18) (figure 12). 


F-10148 
Clean 
Figure 5 — Removing Pitman Shaft Bearing 
@ All parts with solvent and blow dry. 
Inspect (Figure 1) 24. Stub Shaft 


36. Adjuster Plug 
1. Pitman shaft and side cover. 

— Bearing. Needles should rotate freely using 
finger pressure. Replace bearing and side 
cover (14) if necessary. 

— Bearing surfaces in side cover (14) for scoring. 
Replace side cover assembly if necessary. 

— Sealing and bearing surfaces of pitman shaft 
(17) for roughness, nicks, or other damage. 
Replace pitman shaft assembly if necessary. 

— Pitman shaft (17) for excessive wear or scoring. 
Check sector gear teeth for wear. Replace 
pitman shaft assembly if necessary. 

— Adjuster screw (16) threads for wear. Adjuster 
screw must be free to turn with no end play. 

2. Rack piston. 

— Wormshaft (22) and rack piston (7) grooves and 
all balls (11) for scoring. BOTH MUST BE 
REPLACED as a matched assembly. 

— Seal (5) and ring (4) for wear. 

— Ball return guide halves (10) for cracks and 
damages. 

— Bearing (21) and races (20) for scoring and 
excessive wear. 

— Rack piston (7) teeth and external ground 
surfaces for scoring or excessive wear. 

3. Adjuster plug. 

— Spacer (41) for wear or cracks. 

— Races (38 and 40) for wear or scoring. 

— Adjuster plug (36) threads for wear. 

— Bearing (39) for wear or scoring. 

— Needle bearing (35) for wear, pitting or scoring. 


A. Screwdriver 
é 35. Bearing 
Replace if necessary. 42. Bearing Retainer F-10046 


Figure 7 — Removing Bearing Retainer 


4. Valve and stub shaft. 
— Seals (44) and rings (45). 
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— Small notch in skirt of valve for wear. If worn 
replace complete valve assembly. 


— Shaft pin for wear or cracks. If excessively worn — Valve spool inside valve body (46). Valve spool, 


replace complete valve and shaft assembly. 
— Ground surface of stub shaft (24). 


when lubricated with steering fluid, must rotate 


If crocus freely without binding. If binding occurs, 


cloth cannot clean nicks or burrs, replace entire replace complete valve and shaft assembly. 


valve assembly. 


5. Steering gear hose connectors. 


— Outside diameter of valve spool and inside — Brass inverted flare valves (18) for looseness. 
diameter of valve body (46). If crocus cloth 
cannot clean nicks or burrs, replace entire shaft 


and valve assembly. 


J 7079-2 


J 8524-1 


| 
a: 


22. Wormshaft 
46. Valve Body 


36 
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Figure 9 — Separating Wormshaft From 


Valve Assembly 


. Disengage Stub Shaft Pin 
From Hole in Spool Valve B-06509 


Figure 10 — Removing or Installing Stub 
Shaft Assembly 


A. Flush End 


46. Valve Body Assembly’ 


48. Valve Spool 
Figure 11 Removing or Installing Valve Body 
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Assemble (Figures 1, 4, 10 through 23) 


Tools Required: 
J 4245 Snap Ring Pliers 
J 6217 Valve Connector Installer 
J 21552 Ball Retainer 
J 22407 and J 8092 
Bearing Installer and Driver 
J 7079-2 and J 8524-1 
Bearing Installer or Remover and Driver 


1. Valves (18). Drive valves into place using J 6217 
(figure 12). 
2. Balls (11) alternately in rack piston and return 
guide (figures 13 and 14). Use J 21552. 
@ Lubricate 24 balls with power steering fluid. 
@ Ball guide (10) clamp (9) and screws (8). 
3. Stub shaft (24) and valve body (46) (figure 10). 
e Lubricate valve spool (48), seals (44 and 47), valve 
body (46) and stub shaft (24). 
@ Valve spool (48) and seals (44 and 47) (figure 11). 
4. Valve body (48) and wormshaft (22), with both 
races (20) and bearing (21). 
e@ Wormshaft (22) and seal (23). 
5. Seal (37) and needle bearing (35). Use J 8524-1 
and J 7079-2 (figure 15). 
@ Bearing retainer (42), flat washer (33), seal (34) 
and bearing (35). 
@ Retaining ring (82) using J 4245. 


: Important 


e Retainer projections must not extend beyond 


spacer when retainer is seated. Spacer must be 
free to rotate. 


6. Adjuster plug (36) using spanner wrench J 7624. 


=>: F-10050 
Figure 12 — Removing or Installing Valves 


. Install Balls In This Hole 9, Clamp 


While Slowly Rotating 10. Ball Guides 
Worm Counterclockwise 11. Balls 


. Worm Flange 
. Rack Piston 
. Screw 


F-10051 
Figure 13 — Installing Balls into Rack Piston 


A. Guide Halves 
B. Petroleum Jelly 
11. Balls 


F-10052 
Figure 14 — Retaining Balls in Ball Guide 
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[Pladiust 


Tools Required: 
J 7624 Spanner Wrench 
J 7754-01 Torque Wrench 


1. Bearing preload: 

e Use tool J 7624. Turn adjuster plug (36) 
clockwise until plug and bearing (89) are firmly 
seated, about 27 Nm (20 ft. Ibs.) (figure 16). 

’ @ Mark housing in line with one of the holes in 
adjuster plug (figure 17). 

@ Measure back (counterclockwise) 13mm (1/2- 
inch) and re-mark housing (figure 18). 

@ Rotate adjuster counterclockwise until hole in 
adjuster is in line with second mark (figure 19). 


J 7079-2 
. Bearing with 
Identification 
Toward Tool 
. Wood Block 


ie 


eal eT 


24. Stub Shaft 
36. Adjuster Plug 


Figure 16 — Bottoming Adjuster Plug 


B. Adjuster 
Plug Hole 
24. Stub Shaft 


. Ruler 
. Original Mark . 
. Adjuster Plug Hold 


t/ @® 


A. Second Mark 
B. First Mark 
36. Adjuster Plug iM 


Figure 19 — Aligning Adjuster Hole with 
Second Mark 


Za ( 


Foxe 
Ba\s! 


a4 
sf 


ae 
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NOTICE: See "Notice" on page 3B3 - 1 of this 
section. 


2. Install nut (81) and torque nut to 108 N'm (80 ft. 
Ibs.). Hold adjuster plug to maintain alignment 
of hole with mark. 

e Check turning torque using 11/16 inch 12-point 
socket and J 7754-01. Look for a reading of 0- 
2.8 Nm (0-25 in. Ibs.). Readings should be 
taken with beam of wrench near vertical while 
turning counterclockwise at even rate (figure 
20). If reading is less than 0.45 or more than 
1.15 Nm (less than 4 or more than 10 in. Ibs.), 
disassemble, inspect parts, reassemble, and 
recheck turning torque. 

e Lubricate stub shaft (24) area outside dust seal 
(34) with chassis lubricant or all purpose 
grease. 


7. Adjuster nut (31). 
8. Rack piston (7) using J 21552 (figure 4). 


A. Block Tooth 
B. Over-Center Preload Adjuster 


F-10057 


Figure 20 — Adjusting Pitman Shaft 
Over-Center Sector 


A. Install Pitman 


B. Install Pitman 


Shaft Bearing Shaft Seals 
F-01869 
Figure 21 — Installing Pitman Shaft Bearing 
and Seals 


9. Bearing (25) using J 22407 and J 8092. 
e Flat washers (27) and seals (26) using J 6219 
(figure 21). 
e Retaining ring (28). 
10. Pitman shaft (17), seal (15) and side cover (14). 
11. Bolt (12) and nut (13). 


[Al adjust 


Tools Required: 
J 7754-01 Torque Wrench 


e Pitman shaft preload (figure 22). 


1. Attach tool J 7754-01 with 11/16-inch 12-point 
socket on stub shaft splines. 

2. Center steering gear by turning stub shaft (24) 
from right to left and counting number of turns. 
Turn shaft back halfway to center position. 

3. Check combined ball and bearing preload by 
turning torque wrench through center of travel. 
Note highest reading. 


A. 12-Point Socket 
13. Nut 


J 7754-01 


A 


A. Ring Gap 
B. Housing Hole 


Figure 23 — Installing Retaining Ring 
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. Reservoir 

. O-Ring Seal 

. Bottom Clip 

. Top Clip 

. Retaining Ring 

. Bearing 

. Driveshaft 

. Driveshaft Seal 

. Fitting 

. O-Ring Seal 

. Flow Control Valve 
. Flow Control Spring 
. Housing 

. Dowel Pin 

. Sleeve 

. O-Ring Seal 

. Pressure Plate Spring 
. O-Ring Seal 

. Pressure Plate 

. Dowel Pin 

. Vanes 

. Rotor 

. Pump Ring 

. O-Ring Seal 

. Thrust Plate 

. Thrust Plate Retaining Ring 
. Capstick 


F-10059 


Figure 24 — Power Steering Pump Components 


4. Tighten adjusting screw (16) until torque wrench STEERING PUMP REPAIR 
reads 0.6-1.2 Nm (6-10 in. Ibs.) higher than 
reading noted in step 3. . NOTICE: Repair the pump only in a clean, dust- 
e Total reading should not exceed 2.25 N'm (20 free location, using clean tools and equipment. 
in. Ibs.) torque, Dirt or grit will damage the machined surfaces 
and result in leakage or damage to the pump. 
NOTICE: See “Notice” on page 3B3-1 of this lf broken components or foreign materials are found 
section. during disassembly of the pump, the hydraulic system 
should be ‘disassembled, inspected, cleaned and 
5. Tighten nut (13) to 27 N'm (20 ft. Ibs.). flushed before servicing is complete. 
6. Re-check preload after tightening nut (13). Before beginning disassembly of the pump, remove 


the reservoir filler cap and drain the oil from the 
12, Plug (6) and seal (3). _ reservoir by inverting the pump so oil may drain out the 
13. Plug (2) and retaining ring (1) (figure 29). filler hole. After the oil is drained from the reservoir 
replace the cap. : 
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Clean 


e Exterior of pump with solvent. 
[4] Disassemble (Figure 24 through 34) 
— Clamp front hub of pump in soft-jawed vise. 


1. Top and bottom clips (51 and 52). 

e Pry tab and slide retaining clip off using two 
screwdrivers as shown in figure 25. 

2. Reservoir (49) (figure 26). 

3. O-ring seal (50). 

4. Fitting (57) (figure 27). 

5. O-ring seal (58). 

6. Flow control valve (59). 

7. Flow control spring (60). 

8. Retaining ring (53) (figure 28). 
@ Use suitable snap ring pliers. 


A. Flathead Screwdrivers 
52. Top Clip 
F-10060 


50. O-Ring Seal 

51. Bottom Clip 

52. Top Clip 

61. Housing 

75. Capstick F-10061 
Figure 26 — Removing Reservoir 


9 
49, Reservoir Assembly W 


60 
, 59 
j 58 
ser ( in 
57. Fitting 
58. O-Ring Seal 


59. Flow Control Valve 
60. Flow Control Spring 
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Figure 27 — Removing Fitting, Control Valve, 
Spring and Seal 


. Note the position 
of the large lug. 
Install ring with 
beveled side down. 

53. Retaining Ring 
55. Driveshaft 


F-10063 
Figure 28 — Removing and Installing 
Retaining Ring 
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9. Driveshaft (55). 13. Thrust plate (73) (figure 32). 
10. Bearing (54) (figure 29). e Use 16mm (5/8-inch) piece of bar stock or suitable 
11. Driveshaft seal (56). brass drift. 
@ Pry seal loose with flat head screwdriver (figure 14. O-ring seal (72). 
30). 


12. Retaining ring (74). 
@ Insert a suitable size punch into access hole an 
pry ring loose (figure 31). 


A. Punch 
B. Access Hole 


B. Support Ring 
54. Bearing 
55. Driveshaft 


Figure 29 — Removing and Installing Driveshaft 
Bearing 


. Press 

. Bar Stock 

. Thrust Plate 

. Thrust Plate 
Retaining Ring 


F-10067 
Figure 32 — Removing Thrust Plate 


= 
INSTALLING SEAL 


A. Suitable Socket and a Press 
56. Driveshaft Seal F-10065 


Figure 30 — Removing and Installing 
Driveshaft Seal 
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. Housing 
. Dowel Pin 
. Sleeve 
. O-Ring Seal 
. Pressure Plate Spring 
. O-Ring Seal 
. Pressure Plate 
. Dowel Pin 
. Vane 
. Rotor 
. Pump Ring 


72. O-Ring Seal 
73. Thrust Plate 
74. Thrust Plate Retaining Ring 


69 68 67 66 65 6463 62 


74 73 72 71 70 


Figure 33 — Pump Housing Components 


15. Pump ring (71) (figure 33), 
16. Rotor (70). 

17. Vanes (69). 

18. Dowel pins (68). 

19. Pressure plate (67). 

20. O-ring seal (66). 

21. Pressure plate spring (65). 
22. O-ring seal (64). 

23. Dowel pin (62). 


24. Sleeve (63) using an appropriate size punch 
(figure 34). 


Clean 


© All parts with solvent and blow dry. 
[1] inspect (Figure 33) 


1. Rotating group components. 

— Vanes (69) tips for scoring or wear. 

— Fit of vanes (69) in rotor (70). Vanes must fit 
properly in rotor slots, without sticking or 
excessive play. 

— Rotor slots for burrs and excessive wear at 
thrust faces, 

— Inner surface of pump ring (71) for scoring or 
wear. 

— Thrust plate (73) and pressure plate (67) for 
wear on plate surfaces. 

— If heavy wear is present, or parts are faulty, 
replace entire rotating group. 


2. Bearing (54). If bearing is rough or loose, replace 
it 


ma Driveshaft seal (56) leakage, cracking, or 


swelling. : : ; 
3 Pitrcoheate (3B) for excessive burning or scoring. 
oe Bearing bore for excessive scoring or burning. 
4. Flow control valve (59) must move smoothly in 


valve bore. 


A. Punch 
63. Sleeve Assembly 


A. Socket 
B. Press 
63. Sleeve Assembly 


F-10070 
Figure 35 — Installing Sleeve Assembly 
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Assemble (Figures 24, 35 through 40) 


Reservoir (49) (figure 24). 

Sleeve (63) (figure 35). 

Dowel pin (62) (figure 38). 

O-ring seal (64). 

Pressure plate spring (65). 

O-ring seal (66) (figure 37). 

Pressure plate (67). Mark top of pressure plate 
directly over pin hole in plate. 62. Dowel Pin 

8. Dowel pin (68). 64. O-Ring Seal 


65. Pressure Plate Sprin y 
[ 2 ]important a F-10071 
Figure 36 — Installing Pin, Seal and Pressure 
e@ Lubricate O-ring seal (72), pump ring (71), rotor Plate Spring 
(70), and vanes (69) with power steering fluid. 


Pos oh = 


9. Vanes (69). Rounded edge of vane faces away 

from rotor. 

10. Rotor (70). Make sure counterbore faces 
driveshaft end of housing (figure 38). 

11. Pump ring (71). Make sure identification marks 
face up (figure 39). 

12. O-ring seal (72). 

13. Thrust plate (73). 

@ Dimples in thrust plate should line up with bolt 
holes in housing and that thrust plate engages 
pump ring dowel pins. 

14. Retaining ring (74). 

e Use press to compress thrust plate (figure 40). 

@ Opening of retaining ring (74) centered with bolt 
hole nearest to access hole. 

15. Driveshaft seal (56). 

e Use suitable socket to press seal into housing until 
it bottoms (figure 30). 

16. Bearing (54) onto the driveshaft (55) (figure 29). 

@ Slide assembly into housing while rotating 
driveshaft so that shaft serrations engage with the 
rotor. 

17. Retaining ring (53). Use J 4245 (figure 28). 

e@ Make sure beveled side of retaining ring (53) is A. The Counterbore Faces 
down. Also note the position of the large lug on Driveshaft End of Housing 
the retaining ring (figure 28). 70. Rotor 

18. Flow control spring (60). F-10073 
19. Flow control valve (59). Figure 38 — Installing Rotor 
20. O-ring seal (58). 

21. O-ring seal (50). 

22. Reservoir (49) (figure 26). 

23. Top and bottom clips (51 and 52) (figure 25). 


Mark Top of 
Pressure Plate 
. O-Ring Seal 
. Pressure Plate 
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A. Housing Alignment 


indentations 
B. Identification Marks A. Press 
on Pump Ring be cs dpe 
i . n 
72. O-Ring Seal F-10074 etaining Ring 
Figure 39 — Aligning and Installing Pump Ring Figure 40 — Installing Retaining Ring 


POWER STEERING PUMP 


Pump Pressure Readings 
with J 5176-D 
Power Steering Pressure Tester 


Valve Open Valve Closed 


550-860 kPa (80-125 psi) | 7585-8274 kPa (1100-1200 
psi) within 345 kPa (50 psi) 


POWER STEERING GEAR 


Turns of Steering Worm Over-Center Lubricant 
Wheel (Lock-to Bearing Preload 
Lock - Linkage Preload 
Disconnected) 


Non-Submerged 
Vane-Type 


Refer to Refer to Power Steering 
Recirculating 17.5:1 4.13 to 4.32 "Steering Gear | "Steering Gear Fluid No. 
Ball, Torsion- Repair in this | Repair‘ in this 1050017 or 
Bar-Controlled section. section. equivalent 
Flow Valve 
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TORQUE SPECIFICATIONS 


N‘m Ft. Lbs. In. Lbs. 
Power Steering Pump 
Pressure Line FING «1 osesanetekeer ven esees nae eee cs 27 20 
Steering Gear 
SiG Hover Bons vssedce sc tageavscss vaste eserse nse’ 60 45 
Pitman Shaft Over-Center Preload .........cccceeeccees 0.9 8 
Pitman Shaft Preload Adjuster Screw Jam Nut ............ 27 20 
Paiieel lL UE: 6 civian ce cease en eons Ke eeeene neue dows 251 185 
Ball Aetuin Gute SHOWS . .<cevweeuccccvstustateronens 5 44 
WOMShat AGIUSIO PUG coco cdcenscceenassdusseeeewns 27 20 


Wormshaft Adjuster Plug Jam Nut .........cec cece evces 108 80 
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SPECIAL TOOLS 


= “ti 

1. ae J 4245 ~ = ae ee 
2. —> J 6217 8. SS J 8092 

a‘. —— J 6219 9. J 8524-1 


J 22407 


4. ———— J 6278 10. we J 21552 


5. a — J 7079-2 11. 
——— 


. Internal Snap Ring Pliers 

. Valve Connector Installer 

. Pitman Shaft Seal Installer 

. Pitman Shaft Bearing Remover and Installer 
Driver 

. Spanner Wrench 

. Torque Wrench 

Driver 

. Bearing Remover 

. Ball Retainer Tool 

. Pitman Shaft Bearing Installer F-05968 


6. = a J 7624 


ADOMONOAOAWNH = 


—_ — 
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SECTION 3C 
FRONT SUSPENSION 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 
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DESCRIPTION 


The front suspension is designed to allow each wheel absorbers mounted inside the coil springs and attached 
to compensate for changes in the road surface level _ to the lower control arms by bolts and nuts. The upper 
without appreciably affecting the opposite wheel. Each _— portion of each shock absorber extends through the 
wheel is independently connected to the frame by a _—_— upper control arm frame bracket and is secured with 
steering knuckle, ball joint assemblies, and upper and —‘ two grommets, two grommet retainers, and a nut. 
lower control arms. The control arms are specially Side roll of the front suspension is controlled by a 
designed and positioned to allow the steering knuckles — spring steel stabilizer shaft. It is mounted in rubber 
to move in a prescribed three dimensional arc. The bushings which are held to the frame side rails by 
front wheels are held in proper relationship to each _— brackets. The ends of the stabilizer are connected to 
other by two tie rods which are connected to steering _ the lower control arms by link bolts isolated by rubber 
arms on the knuckles and to an intermediate rod. grommets. ‘ 

Coil chassis springs are mounted between the spring The upper control arm is attached to a cross shaft 
housing on the frame and the lower control arms. Ride —_ through isolating rubber bushings. The cross shaft, in 
control is provided by double, direct acting, shock turn, is bolted to frame brackets. ‘ : 
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Leen a eeaameaaaaaaamaaaaataaaaaamaaaaaaaaaaaaacaacacaaaaamamaaaaaaaaa 


A ball joint assembly is riveted to the outer end of the 
upper arm. It is pre-loaded by a rubber spring to insure 
proper seating of the ball in the socket. The upper ball 
joint is attached to the steering knuckle by a castellated 
nut and cotter pin. 

The inner ends of the lower control arm have 
pressed-in bushings. Bolts, passing through the 
bushings, attach the arm to the frame. The lower ball 


joint assembly is a press fit in the lower control arm and 
attaches to the steering knuckle with a castellated nut 
and cotter pin. 

Rubber grease seals are provided at ball socket 
assemblies to keep dirt and moisture from entering the 
joint and damaging bearing surfaces. 
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DIAGNOSIS OF FRONT SUSPENSION 


Hard Steering 1. Ball joints and steering linkage need . Lubricate ball joints and linkage. 
lubrication. 
. Tires are improperly inflated. 


. Inflate tires to recommended pressure. 


Poor Directional 
Stabllity 


. Ball joints and steering linkage need 
lubrication. 

. Tires are improperly inflated. 

. Incorrectly adjusted wheel bearings. 

. Incorrect front wheel alignment 
(caster). 

. Broken springs. 

. Malfunctioning shock absorber. 

. Broken stabilizer bar or a missing link. 


. Lubricate ball joints and linkage. 


. Inflate tires to recommended pressure. 
. Adjust wheel bearings. 
. Check and align front suspension. 


-& WN 
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. Replace springs. 
. Check and replace shock absorber. 
. Replace stabilizer bar or link. 


Front Wheel 
Shimmy (Smooth 
Road Shake) 


. Balance wheels. 

. Adjust or replace wheel bearings (also 
replace races). 

. Replace ball joints. 

. Check and replace shock absorber. 

. Replace tire. 


. Tires and wheels are out of balance. 

. Wheel bearings are incorrectly 
adjusted or worn. 

. Worn ball joints. 

. Malfunctioning shock absorber. 

. Tires and wheels are out-of-round. 


Vehicle Pulls To 
One Side (No 
Braking Actlon) 


. Tires are improperly inflated. 

. Front or rear brakes dragging. 
. Broken or sagging front spring. 
. Incorrect front wheel alignment 
(camber). 


. Inflate tires to recommended pressure. 
. Adjust brakes. 

. Replace spring. 

. Check and align front suspension. 


hOND—$ [Oh N=? INO 
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Noise In Front . Lubricate at recommended intervals. 


1. Ball joints and steering linkage need 


End lubrication. 
. Loose shock absorber or worn . Tighten bolts or replace shock 
bushing. absorber. 


. Worn control arm bushings. 
. Wheel bearings are incorrectly 
adjusted or worn. 


. Replace bushings. 
Adjust or replace wheel bearings. 


ho N 
ho N 


5. Loose stabilizer bar. 5. Tighten all stabilizer bar attachments. 

6. Loose wheel nuts. 6. Tighten wheel nuts. 

7. Spring is improperly positioned. 7. Reposition spring. 

8. Loose suspension bolts. 8. Tighten to specifications or replace. 
Wheel Tramp 1. Tires and wheels are out of balance. 1. Balance wheels. 

2. Tires and wheels are out-of-round. 2. Replace tire. 

3. Blister or bump on tire. 3. Replace tire. 

4 4 


. Improper shock absorber action. . Replace shock absorber. 
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DIAGNOSIS OF FRONT SUSPENSION (CONT.) 


Excessive Or 
Uneven Tire Wear 


1. Tires are improperly inflated. 

2. Improper toe-in. 

3. Tires and wheels are out of balance. 
4. Hard driving. 

5. Overloading vehicle. 


. Inflate tires to recommended pressure. 
. Adjust toe-in setting. 

. Balance wheels. 

. Follow proper driving techniques. 

Do not exceed maximum 
recommended payload rating. 


anon 


Scuffed Tires 1. Improper toe-in. 
2. Excessive speed on turns. 
3. Tires are improperly inflated. 


4. Suspension arm is bent or twisted. 


1. Adjust toe-in setting. 

2. Follow proper driving techniques. 

3. Inflate tires to recommended pressure. 
4. Replace suspension arm. 


Cupped Tires 


1. Improper shock absorber action. 

2. Worn ball joints. 

3. Wheel bearings are incorrectly 
adjusted or worn. 

4. Tires and wheels are out of balance. 

5. Excessive tire or wheel runout. 


. Replace shock absorbers. 

2. Replace ball joints. 

3. Adjust or replace wheel bearings (also 
replace races). 

4. Balance wheels. 

. Check and compensate for runout. 


BALL JOINT WEAR CHECK 1. Wipe ball joints clean and check seals for cuts or 
tears, 
; @ If a seal is cut or torn, ball joint MUST be 
@ Be sure vehicle rests on a level surface. replaced, 


@ Raise vehicle and support it with suitable safety 


Stands. Support lower control arm with a floor 
Stand or jack as far outboard as possible under 
Stabilizer bar bracket (figure 1). 


A. Rock Wheel 
In and Out 
B. Dial Indicator F-10110 


Figure 1 — Checking Ball Joint 


Horizontal Looseness 
Important 


@ Vehicle must be stable and should not rock on 


ands. 
- ce control arm bumper must not contact 


frame. 


2. Adjust wheel bearings as explained under "Wheel 


Bearing Adjustment" in this section. 

Check ball joints for horizontal looseness. 

@ Position a dial indicator against lowest outboard 
point on the wheel rim (figure 1). 

@ Rock wheel in and out while reading dial 
indictor. This will show horizontal lodseness in 
both joints (figure 1). 

@ Dial indicator reading should be no more than 
3.18 mm (0.125-inch). If reading is too much, 
check lower ball joints for vertical looseness. 


» Check lower ball joints for wear and vertical 


looseness. 


e Lower ball joint is inspected for wear by sight. 
Wear is indicted by position of nipple into which 
grease fitting is threaded. This round nipple 
projects 1.27 mm (0.050-inch) beyond surface 
of ball joint cover on a new, unworn joint. 
Normal wear will result in surface of this nipple 
retreating very slowly inward (figure 2). 

@ Observe or scrape a scale, screwdriver or 
fingernail across cover. If round nipple is flush 
or inside cover surface, replace ball joint. 


. 1.27 mm (0.050-inch) 

. Worn Ball Joint 

New Ball Joint 

Housing Socket 

Rubber Pressure Ring 

. Grease Fitting Extended When New 
Grease Fitting Withdrawn 1.27 mm 
(0.050-inch) or More When Worn 

. Wear Surfaces 

. Sintered lron Bearing 

. Joint Location F-10083 


Figure 2 — Checking Lower Ball Joint Wear 


A 
B 
C. 
D. 
E. 
F. 
G. 
H 
J 
K 


If lower ball joint is within specifications and 

horizontal looseness is too excessive, check upper 

ball joint for wear. 

@ Disconnect ball joint from knuckle. 

e@ If any looseness is found, or stud can be 
twisted with your fingers, replace ball joint. 
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DIAGNOSIS OF SHOCK ABSORBERS 


1. Loose mounting. 1. Check all mounting torques (bolt - 
and/or nut). 


Excessive Road 1. Tire air pressure is too high. 

Shock 2. Incorrectly adjusted wheel bearings. 

3. Camber adjustment is incorrect 
(negative camber contributes to road 
shock). 

4. Weak or broken front spring. 

5. Loose suspension components. 


1. Deflate to correct pressure. 
2. Adjust wheel bearings. 
3. Adjust camber. 


4. Replace spring. 
5. Inspect, repair, and adjust as 
necessary. 


Leaky Shocks 1. Replace shock absorbers. 


Weak Shocks 1. Shocks are worn out. 1. Replace shock absorbers. 
2. Loss of shock fluid. 2. Replace shock absorbers. 


Vibration and 1. Seal damage resulting in loss of 1. Replace damaged parts as necessary. 
Shimmy lubricant, corrosion, excessive wear. 


2. Tires and wheels are out of balance, or 
brake drums are out-of-round. 
3. Bent wheel or tire is out-of-round. 


2. Balance tires and wheels, or turn 
brake drums. 

3. Replace wheel and remount, or 
replace tire. 

4. Retorque wheel stud nuts. 

5. Adjust, torque or repair as necessary. 

6. Inspect wheel bolt for damage. 


Replace wheel if needed. Replace all 
wheel studs. 
7. Repair driveline. 


4. Wheel stud nuts torqued unevenly. 
5. Loose steering linkage. 
6. Wheel is loose on hub. 


7. Driveline universal joints are rough or 
faulty (may be confused with steering 
vibration). 

8. Malfunctioning shock absorbers. 


8. Replace shock absorbers. 


SHOCK ABSORBER TEST 
4. If one of the following conditions are observed, 
replace shock absorber, 
BENCH TEST ; : 
1, Place shock absorber in vise with jaws clamped 7 pe each sepia pd igi tinincns 
on shock absorber’s top mounting stud, ~ A noise (grunt or squeal) after completing one 
-- Shock absorber should be held vertically in full stroke in both directions 
vise, bottom end up. ~~ Aclicki , 
- Do not clamp vise jaws on shock absorber’s mh ctceig hola at task rewerce 


upper stem threads or reservoir. ON-VEHICLE TEST 
2. fe) tea ener! i Sota rates of speed The shock absorber may be tested in the same way 

and observ ‘ as the be i 

er ansirel feos te wamislig Jdironeian tha nch test after removing top mount. 
compression force (approximately two to one). 

-- Rebound force should be smooth and constant 
for each stroke rate. 

3. Compare with a good shock absorber. 
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DIAGNOSIS OF WHEEL BEARINGS 


When diagnosing a bearing condition, keep in mind 
the general condition of all parts during disassembly 
and inspection. Use figures 3, 4, 5 and 6 to classify the 
fault, and follow the recommended correction 
procedure. 
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ABRASIVE ROLLER WEAR 
Pattern on races and rollers caused by fine 
abrasives. 

Clean all parts and housings, check seals and 
bearings and replace if leaking, rough or 
noisy. 


ABRASIVE STEP WEAR 
Pattern on roller ends caused by fine abra- 
Sives. 
Clean all parts and housings, check seals and 
bearings and replace if leaking, rough or 
noisy. 


GALLING 
Metal smears on roller ends due to overheat, 
insufficient lubricant or overload. 
Replace bearing, check seals and check for 
proper lubrication. 


ETCHING 
Bearing surfaces appear gray or grayish black 
in color with related etching away of material 
usually at roller spacing. 
Replace bearings, check seals and check for 
proper lubrication. 


F-10084 


Figure 3 — Diagnosis of Front Wheel Bearings 
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BENT CAGE BENT CAGE 
Cage damaged due to improper handling or Cage damaged due to improper handling or 
tool usage. tool usage. 
Replace bearing. Replace bearing. 


CAGE WEAR INDENTATIONS 
Wear around outside diameter of cage and Surface depressions on race and rollers 
roller pockets caused by abrasive material caused by hard particles of foreign material. 
and insufficient lubrication. Clean all parts and housings. Check seals and 
Clean related parts and housings. replace bearings if rough or noisy. 
Check seals and replace bearings. 


Figure 4 — Diagnosis of Front Wheel Bearings (Cont.) 
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FRETTAGE SMEARS 


Corrosion set up by small relative movement Smearing of metal due to slippage. Slippage 
of parts with no lubrication. can be-caused by poor fits, lubrication, 
Replace bearing. Clean related parts. Check overheating, overloads or handling damage. 
seals and check for proper lubrication. Replace bearings, clean related parts and 


check for proper fit and lubrication. 


: : 4 : : 2 


STAIN DISCOLORATION HEAT DISCOLORATION 
Discoloration can range from light brown to Heat discoloration can range from faint yel- 
black caused by incorrect/insufficient or low to dark blue resulting from overload or in- 
moisture. correct/insufficient lubricant. 

Re-use bearings if stains can be removed by Excessive heat can cause softening of races 
light polishing or if no evidence of overheat- or rollers. To check for loss of temper on 
ing is observed. races or rollers a simple file test may be 
Check seals and related parts for damage. made. A file drawn over a tempered part will 


grab and cut metal, whereas, a file drawn over 
a hard part will glide readily with no metal 
cutting. 

Replace bearings if over heating damage is 
indicated. Check seals and other parts. 


F-10238 


Figure 5 — Diagnosis of Front Wheel Bearings (Cont.) 
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MISALIGNMENT -CRACKED INNER RACE 
Outer race misalignment due to foreign ob- Race cracked due to improper fit, cocking, or 
ject. poor bearing seats. 
Clean related parts and replace bearing. Make Replace bearing and correct bearing seats. 
sure races are properly seated. 


FATIGUE SPALLING BRINELLING 
Flaking of surface metal resulting from fa- Surface indentations in raceway caused by 
tigue. rollers either under impact loading or vibra- 
Replace bearing, clean all related parts. tion while the bearing is not rotating. 
Replace bearing if rough or noisy. 


Figure 6 — Diagnosis of Front Wheel Bearings (Cont.) 
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ON-VEHICLE SERVICE 


WHEEL BEARING ADJUSTMENT 
Important 


e@ Proper functioning of the front suspension cannot 
be maintained unless front wheel bearings are 
correctly adjusted. Bearings must be a slip fit on 
spindle and inside diameter of wheel bearing must 
be lubricated to ensure bearings will creep. 
Spindle nut must have a free-running fit on spindle 
threads. 


NOTICE: Never preload the front wheel 
bearings. Damage can result by the steady load 
on the roller ends which comes from 
preloading. 


Remove or Disconnect (Figure 7) 


® Raise vehicle and support it with suitable safety 
stands. 


1. Cap (13) from hub. 
2. Cotter pin (12). 


NOTICE: See "Notice" on page 3C-1 of this 
section. 


[a] Tighten 


@ Nut (14) to 16 Nm (12 ft. Ibs.) while turning 
wheel forward by hand. This will seat bearings. 
@ Back nut (14) off 1/2 turn. 


Adjust 


© Nut (14) fingertight. Then back nut (14) off until 
hole in spindle aligns with a slot in nut. DO NOT 
BACK NUT (14) OFF MORE THAN 1/2 FLAT. 


Install or Connect (Figure 7) 


1. New cotter pin (12).: 
e Be sure cotter pin (12) ends do not interfere 
with cap (13). Bend ends of cotter pin (12) 
against nut (14) and cut off any extra pin 


length. 


Measure 


in rotor/nub assembly (15). Proper 
° a is 0.03 to 0.13 mm (0.001 to 0.005- 


inch). 


2. Cap (13) to rotor/hub (15). 
@ Lower vehicle. 


1. 

2. Caliper ; 14 

3. Bolts 10. Outer Bearing 

4. Shield 11. Flat Washer 

5. Seal 12. Cotter Pin 

6. Inner Bearing 13. Cap 

7. InnerCup 14, Nut 

8. Bolt 15. Rotor/Hub 

9, OuterCup 16. Gasket F-10086 


Figure 7 — Rotor/Hub, Knuckle and 
Bearing Components 


ROTOR/HUB, BEARING AND SEAL 
REPLACEMENT 


Remove or Disconnect (Figures 7 and 8) 


Tools Required: 
J 29117-A Wheel Bearing Cup Remover 


@ Raise vehicle and support it with suitable safety 
stands. 


1. Caliper (2). Refer to BRAKES (SEC. 5). 


Important 


@ Support caliper with a piece of wire to prevent 
damage to brake line. 


Cap (13) from rotor/hub (15). 
Cotter pin (12), nut (14) and flat washer (11). 
Rotor/hub (15) from spindle. 
e Be careful not to damage outer bearing (10) 
and spindle threads, 
5. Outer bearing (10). 
6. Seal (5). 
@ Pry seal (5) out and discard. 
7. Inner bearing (6). 
8. Inner and outer bearing cups (7 and 9). 
e Use J 29117-A to remove cups (figure 8). 


PON 
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wie Clean 


@ All parts in a solvent and air dry. Do not spin 
bearings with compressed air. 


Inspect 


@ Rotor/hub (15). Refer to BRAKES (SEC. 5). 

@ Bearings (10 and 6) and races for a cracked cage, 
worn or pitted rollers, cracks, scores or a brinelled 
condition as explained previously in this section. 
Replace parts as necessary. 


J 29117-A 


F-10085 
F-10085 Figure 8 — Removing Bearing Cup 


Install or Connect (Figure 7) 


1. Inner and outer bearing cups (7 and 9) using a 
hammer and brass drift. 
@ Be sure bearing cups are fully seated. 
e@ Be sure all parts are clean and free of grease. 


Important 


e@ Apply an approved high temperature front wheel 
bearing grease to spindle at inner and outer 
bearing seat, shoulder and seal seat. Also finger 
apply a small amount of grease inboard of each 
bearing cup (7 and 9Q) in the rotor/hub (15). 
Pressure pack bearings (6 and 10) with a greasing 
machine or hand pack them, making sure grease 
is worked thoroughly into rollers, cone and cage. 


2. Inner bearing (6) to rotor/hub (15). 
e@ Apply an additional quantity of grease outboard 
of inner bearing (6). 
3. Seal (5). 
@ Lubricate seal (5) lip. 


e Use a flat plate to press seal (5) down flush with 
rotor/hub. 
e Seat outer bearing (10) and cup (9). 
4. Rotor/hub (15) to spindle. 
e Be careful not to scuff spindle threads. 
5. Outer bearing (10) to rotor/hub (15). 
6. Flat washer (11). 


NOTICE: See "Notice" on page 3C-1 of this 
section. 


7. Nut (14). 


[Q) Tighten 


e@ Nut (14) to 16 Nm (12 ft. Ibs.) while turning 
wheel assembly forward by hand. Apply grease 
to outboard side of outer bearing (10). 


Important 


e Adjust wheel bearings as explained previously in 
this section. 


8. Caliper (2). Refer to BRAKES (SEC. 5). 
@ Lower vehicle. 


WHEEL ROTOR/HUB BOLT 
REPLACEMENT 


Remove or Disconnect (Figure 9) 


e@ Raise vehicle and support it with suitable safety 
stands. 
1. Wheel assembly. 


F-01520 
F-01520 Figure 9 — Removing Rotor/Hub Bolts 
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2. Rotor/hub as explained previously in this section. 
3. Bolt. 
e Press bolt out using an arbor press. 
e@ Be careful not to damage wheel mounting 
surface rotor/hub flange. 


Install or Connect (Figure 9) 


1. Bolt into hole in rotor/hub. 
e@ Start serrated bolt into hole in rotor/nub by 
tapping lightly with a hammer. 
@ Make sure bolt is square with rotor/hub before 
pressing on arbor. 
2. Rotor/hub as explained previously in this section. 
3. Wheel assembly. 
@ Lower vehicle. 


SHOCK ABSORBER 
REPLACEMENT 


Remove or Disconnect (Figure 10) 


® Raise vehicle and support it with suitable safety 
stands. 


. Retainer 
19. Grommet 
20, Stem \ 
21. Shock Absorber 29” 
22. Coil Spring 
23. Retainer 
24. Grommet 
25. Upper Control Arm 
Frame Bracket 
26. U-Nut 
27. Bolts 27 


28, Pivot ; 
29, Lower Control Arm F-10087 


Figure 10 — Shock Absorber Attachment 


28 


1. Nut (17). 

@ Hold shock absorber stem (20) with a wrench 
while backing nut (17) off. 

Retainer (18). 

Grommet (19). 

Bolts (27). 

@ Pull shock absorber (21) out from below. 

e@ Lower grommet (82) and retainer (23) are on 
stem (20). 

e Replace parts as necessary. 

5. U-nuts (26), if damaged or worn. 


al od 


Install or Connect (Figure 10) 


1, Retainer (23) and grommet (24) on stem (20). 
@ Fully extend stem (20). 
2. Shock absorber (21) up through lower control arm 
(29) and coil spring (22). 
@ Insert stem (20) end through hole in upper 
control arm frame bracket (25). 
. Grommet (19) to stem (20). 
Retainer (18) to stem (20). 
Nut (17). 


[al Tighten 


@ Nut (17) to 11 Nm (8 ft. Ibs.) while holding stem 
(20) with a wrench. 
6. New U-nuts (26) if needed. 
7. Bolts (27) through pivot (28) holes to lower control 
arm holes. 


[a] Tighten 


@ Bolts (27) to 27 Nm (20 ft. Ibs.). 


ab 


e Lower vehicle. 


STABILIZER SHAFT 
REPLACEMENT 


Remove or Disconnect (Figure 11) 


@ Raise vehicle and support it with suitable safety 
stands. 
1. Nut (30) from link bolt (42). 


Important 


e Be sure to remove parts from both RH and LH 
side of vehicle and keep them separated. 


2. Retainer (31). 
3. Grommet (32). 
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4. Link bolt (42). 

@ Grommet (34). 
Retainer (35). 
Spacer (36). 
Retainer (37). 
Grommet (38). 
Grommet (40). 
Retainer (41). 
Bolts (43). 

Bracket (44). 
Stabilizer shaft (33). 
. Rubber bushing (45). 


Inspect 


@ All parts for wear and damage. 


ONDA 


NOTICE: For Steps 4 and 9, see "Notice" on 
page 3C-1 of this section. 


. Nut 

. Retainer 

. Lower Grommet 

. Stabilizer Shaft 

. Upper Grommet 

. Retainer 

. Spacer 

. Retainer 

. Grommet 

. Lower Control Arm Hole 

. Grommet F-10088 
Figure 11 — Stabilizer Shaft Components 


. Retainer 

. Link Bolt 

. Bolts 

. Bracket 

. Rubber Bushing 


1. 


a 
3. 


4. 


[a] Tighten 


9 ON 


install or Connect (Figure 11) 


Rubber bushing (45) to stabilizer shaft (33). 

e Be sure bushings (45) are placed on stabilizer 
shaft (33) with slits facing toward front of 
vehicle. 

Stabilizer shaft (33). 

Brackets (44) over bushings (45) and stabilizer 

shaft (33). 

Bolts (43) to brackets (44) and frame. 


@ Bolts (43) in four places to 33 N'm (24 ft. Ibs.). 
Retainers (41) and grommets (40) to link boits 
(42). 

e@ Be sure of proper part positioning. 

Link bolts (42) through lower control arm hole (39) 
with parts stacked properly. 

Grommets (38). 

Grommets (40). 

Retainers (37). 

Spacers (36). 

Retainers (35). 

Grommets (34). 

Stabilizer shaft (83) holes. 

Grommets (32). 

Retainers (31). 

Nuts (30). 


[Q) Tighten 


@ Nuts (80) in two places to 18 Nm (13 ft. Ibs.) 
until nuts (80) meet end of bolt (42) threads for 
torque value. Lower vehicle. 


ee 
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. Coil Spring 
29. Lower Control Arm 
48. Upper Control Arm 
49. Upper Ball Joint 
50. Nut 
51. Cotter Pin 

52. Bumper 

53. Bolt 

54. Nut 

55. Bolt 

56. Bushing 

57. Cotter Pin 

58. Nut 

59. Lower Ball Joint 
60. Bushing 

. Insulator 


. Retainer 
. Shim 


F-10089 


Figure 12 — Control Arms and Components 


LOWER BALL JOINT [ 2 ] important 
REPLACEMENT ; 
e Support caliper with a piece of wire to prevent 
damage to brake line. 
Remove or Disconnect (Figures 12, 13, 14 and 
15) 3. Cotter pin (57) and nut (58). 
; @ Use J 23742 to break ball joint loose from 
Tools Required: knuckle (figure 13). 
J 9519-E Ball Joint Remover and Installer Set 4. 


Lower control arm (29) out of opening in splash 
J 21474-13 Front and Rear Lower Control Arm shield. sa : : ' 
Bushing Installer 


@ Use a putty knife or similar tool (figure 14). 
J 23742 Ball Joint Separator @ Lower floor jack to allow control arm to lower. 


e@ Raise vehicle and support frame with suitable Important 
safety stands. 
1. Wheel and tire assembly. 


@ Block knuckle assembly out of way by placing 
e Place a floor jack under control arm spring seat a wooden block between frame and upper 
and raise it until it supports control arm. control arm. 


CAUTION: Floor Jack must remain under the 5. Grease fittings. 

control arm spring seat during removal and — 6. Lower ball joint (59) from lower control arm. 
installation to retain the spring and control arm In @ Use tools as shown in figure 15. 
position. Failure to do so could result In serious @ Replace parts as necessary. 

personal Injury. 


2. Caliper. Refer to BRAKES (SEC. 5). 


A. Splash Shield 
B. Tool Used to 
Guide the 
Control Arm 


F-01525 


Figure 14 — Guiding Lower Control Arm 
Past Splash Shield 


J 9519-30 


F-10092 
Figure 15 — Removing Lower Ball Joint 
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[I] inspect 


@ Tapered hole in steering knuckle and remove any 
dirt. If hole is out-of-round, deformed or damaged, 
knuckle must be replaced. 


Install or Connect (Figures 12 and 16) 


Tools Required: 
J 9519-E Ball Joint Remover and Installer Set 


1. New ball joint (59) into lower control arm (29). 
@ Press in ball joint using tools in figure 16. The 
ball joint will bottom on control arm. 
@ Locate grease seal facing inboard. 
2. Ball joint stud into steering knuckle. 


NOTICE: See "Notice" on page 3C-1 of this 
section. 


3. Stud nut (58) onto stud. 


[Ql] Tighten 


e@ Nut (58) to 120 Nm (90 ft. Ibs.) and align slot in 
stud nut with hole in stud by tightening. 


J 9519-30 


F-10091 
Figure 16 — Installing Lower Ball Joint 
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4. New cotter pin (57) to stud. 


CAUTION: Fallure to Install a new cotter pin could 
result In serlous personal Injury. 


5. Grease fittings. 

@ Lubricate ball joint until grease appears at seal. 
6. Caliper. Refer to BRAKES (SEC. 5). 
7. Wheel and tire assembly. 

@ Lower vehicle. 


Important 


e@ Check front end alignment. Refer to FRONT END 
ALIGNMENT (SEC. 3A). 


UPPER BALL JOINT 
REPLACEMENT 


Remove or Disconnect (Figures 17, 18, 19 and 
20) 


Tools Required: 
J 23742 Ball Joint Separator 


@ Raise vehicle and support lower control arm with 
floor stands. 

@ Since weight of vehicle is used to relieve spring 
tension on upper control arm, floor stands must be 
Positioned between spring seats and lower control 
arm ball joints for maximum leverage. 


CAUTION: Floor Jack or stand must remain under 
the control arm spring seat during removal and 
installation to retain the spring and control arm In 
position. Fallure to do so could result In seriou 
personal Injury. 


1. Wheel and tire assembly. 
2. Caliper. Refer to BRAKES (SEC. 5). 


Important 


e Support caliper with a piece of wire to prevent 
damage to brake line. 


3. Cotter pin (51). 7 
4. Stud at (50) from upper ball joint (49). 
e Use J 23742 as shown in figure 17. 
@ Apply pressure on tool until stud breaks loose. 


@ Remove J 23742. 
e Pull stud away from knuckle. . | 
e Support knuckle assembly so that its weight will 


not damage brake hose. 


re B-06963 
Figure 17 — Disconnecting Upper Ball Joint 


5. Rivets from upper ball joint (49). 

@ Use a 3.175mm (1/8-inch) drill to cut a 6.35mm 
(1/4-inch) deep hole in center of each rivet 
(figure 18), 

@ Drill rivet heads using a 12.7mm (1/2-inch) drill 
(figure 19). 

@ Punch rivets out using a small pin punch (figure 
20). 

6. Upper ball joint (49). 


NOTICE: For Steps 1 and 3, see "Notice" on 
page 3C-1 of this section. 


Install or Connect (Figures 12 and 21) 


1. New upper ball joint (49) to upper control arm (48) 
(figure 21). 
@ Position four attaching bolts (B) and nuts (A) 
(figure 21), 


[A] Tighten 


@ Nuts (A) to 11 Nm (8 ft. Ibs.). 
@ Take support away from knuckle assembly. 


2. Upper ball joint (49) to steering knuckle. 
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A. Drill 3.175 mm (1/8-Inch) 
49. Upper Ball Joint 


Figure 18 — Drilling Upper Ball Joint Rivets 


F-10093 


A. Drill 12.75 mm (1/2-Inch) 
49.Upper Ball Joint 


; F-10094 
Figure 19 — Drilling Upper Ball Joint Rivet Heads 


A. Pin Punch 
49. Upper Ball Joint 


F-10095 
Figure 20 — Removing Upper Ball Joint Rivets 


49. Upper Ball Joint 
A. Nut 
B. Bolt 


F-10096 
Figure 21 — Installing Upper Ball Joint 


3. Stud nut (50). 


[a] Tighten 


@ Nut (50) to 82 N'm (60 ft. Ibs.). 


@ Align slot in stud nut with hole in stud by 
tightening stud nut. 
4. New cotter pin (51). 


CAUTION: Failure to install a new cotter pin 
could result in serious personal injury. 


5. Grease fittings. 

e@ Lubricate ball joint until grease appears at seal. 
6. Caliper. Refer to BRAKES (SEC. 5). 
7. Wheel and tire assembly. 

e Lower vehicle. 


Important 


e@ Check front end alignment. Refer to FRONT END 
ALIGNMENT (SEC. 3A). 


STEERING KNUCKLE 
REPLACEMENT 


[++] Remove or Disconnect (Figures 7, 13, 17, 22 
and 23) 


Tools Required: 
J 6627-A Tie Rod Puller 
J 23742 Ball Joint Separator 


@ Raise front of vehicle and place floor stands under 
front lift points. 
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1. Wheel and tire assembly. 
e Place a floor jack under control arm spring seat 
and raise it until it supports control arm. 


CAUTION: Floor jack must remain under the control 
arm spring seat during removal and Installation to 
retain the spring and control arm In position. Failure 
to do so could result In serious personal Injury. 


2. Caliper. Refer to BRAKES (SEC. 5). 


Important 


e@ Support caliper with a piece of wire to prevent 
damage to brake line. 


3. Rotor/hub (15) as explained previously in this 
section. 

4. Bolts (68) attaching splash shield (4) to knuckle 
(1) (figure 22). 

5. Tie rod nut. 


N\ SG, 
4. Splash Shield SX --—__— 88 
68. Bolts F-10097 


Figure 22 — Splash Shield Attachment 


6. Tie rod end from knuckle (1) using J 6627-A 
(figure 23). 

7. Knuckle gasket (16) if knuckle (1) is to be 
replaced. 


Important 


e Be careful not to damage knuckle gasket (16). 


8. Ball joint studs from knuckle (1) using J 23742 

, (figures 13 and 17) as explained under Lower and 
Upper Ball Joint Replacement. - a 

e Raise upper control arm and disengage ball joint 


om knuckle (1). = 
9 onal (1) from lower ball joint stud. 


J 6627-A 


16. Gasket 


Figure 24 — Locating Seal on Knuckle 


Clean 


@ Steering knuckle. 


Inspect 


® Steering knuckle tapered hole. If out-of-round, 
deformed or damaged, knuckle MUST be 
replaced. 


NOTICE: For steps 4, 5 and 6, see "Notice" on 
page 3C-1 of this section. 


Install or Connect (Figure 7, 22 and 24) 


ON 


Tools Required: 
J 29193 Ball Joint Seating Tool 


Upper and lower ball joints into knuckle (1). Refer 
to lower and upper Ball Joint Replacement as 
explained previously in this section. 

Knuckle gasket (16) (figure 24). 

Splash shield (4) to knuckle (1). 

Bolts (68) to splash shield (4) (figure 22). 
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[a] Tighten 


@ Bolts (68) to 14 Nm (10 ft. Ibs.). 


5. Tie rod end into knuckle (1) using J 29193. 


[Q] Tighten 


@ J 29193 to 20 Nm (15 ft. Ibs.) and remove tool. 


6. Tie rod nut. 


[Q] Tighten 


@ Nut to 54 Nm (40 ft. Ibs.). 


7. Rotor/hub (15) as explained previously in this 
section. 
e Adjust wheel bearing as explained previously in 
this section. 
8. Wheel and tire assembly. 
9. Floor stands. 
@ Lower vehicle. 
e@ Check front alignment. Refer to FRONT END 
ALIGNMENT (SEC. 3A). 


; F-10099 
Figure 25 — Cradling Lower Control Arm Bushings 


COIL SPRING REPLACEMENT 


Remove or Disconnect (Figures 9, 12 and 25) 


Tools Required: 
J 23028-01 Coil Spring Remover and Installer 


e Raise vehicle on a hoist so that control arms hang 
free. 
1. Bolts (27) from shock absorber pivot (28) (figure 
10). 
e Push shock absorber up through lower control 
arm (29) and into spring (22). 


e Cradle inner control arm bushings using J 
23028-01 secured to end of a suitable jack 
(figure 25). 

2. Stabilizer shaft (33) from lower control arm (figure 

11). 

@ Raise jack to remove tension on lower control 
arm pivot bolts (55 and 62). 

e Secure control arm with a chain around spring 
and through control arm. 

3. Pivot bolts (55 and 62) and nuts (54 and 63). 

@ Take rear pivot bolt (55) out first. 

e@ Lower control arm (29) by lowering jack. 

e@ When compression is removed from coil spring, 
take chain away. 


Important 


@ Do not force lower control arm and ball joint in 
order to remove coil spring. 


4. Coil spring (22) and insulator (61). 
@ Position coil spring properly for easy removal. 


Install or Connect 


Tools Required: 
J 23028-01 Coil Spring Remover and Installer 


1. Coil spring (22) and insulator (61) on lower control 
arm (29) (figure 12). 
e@ Be sure spring insulator is on top (figure 26). 


A. Coil spring installed with tape at lowest 
position and a gripper notch at top. 


B. Inspection drain holes, one of which must be 


covered by end of spring and one must be 
open. 


F-10239 
Figure 26 — Positioning Coil Springs 
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e Use J 23028-01 to support control arm (figure 
25). 
2. Lower control arm (29) in place on frame. 


NOTICE: See "Notice" on page 3C-1 of this 
section. 


CAUTION: Floor stands must remain under control 
arm during removal and Installation to retain spring 
and control arm In position. 


1. Wheel and tire assembly. 


2. Upper ball joint from steering knuckle as explained 
previously in this section. 


Important 


e@ Support rotor/hub assembly to prevent its weight 
from damaging brake hose. 


3. Pivot bolts (55 and 62) and new nuts (54 and 63). 
@ Insert front bolt (55) first. 


[2 ]!mportant 


@ In order to maintain adequate steering linkage 
clearance, refer to mandatory bolt direction of 3. 


Upper control arm bolts (53) and nuts (65). 
installation in figure 27. 


@ Note location of any shims (67). 


4. Upper control arm (48). 
[A] Tighten 
[I] inspect 
® Bolts and nuts to 27 Nm (20 ft. Ibs.). 
@ All parts for wear and damage. 

4. Stabilizer shaft as explained previously in this 

section. 
5. Shock absorber as explained previously in this 

section. 


e Lower vehicle. 


Assembly 
. Upper Control 


Arm 
. Bumper 
. Bolt 
. Nut 
. Shim 


A. Mandatory Bolt and Nut 
Positions - Front Bolt First 


Figure 27 — Installing Pivot Bolts and Nuts 


UPPER CONTROL ARM 
REPLACEMENT 


Remove or Disconnect (Figures 12 and 28) 


i of vehicle and support lower control 

: Se win tiook stands. Since the weight of vehicle 
is used to relieve spring tension on upper control 
arm, floor stands must be positioned sic 
spring seats and ball joints of lower control arms 


for maximum leverage. 


F-10101 
Figure 29 — Removing Upper Control Arm Bushing 
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Install or Connect (Figures 12 and 28) 


1. Bolts (53) to frame. 
2. Upper control arm (48) to bolts (53). 


Important 


e@ LH upper control arm shaft must have depression 
facing inboard. 


3. Shims (67) to their original position. 


NOTICE: See “Notice" on page 3C-1 of this 
section. 


4. Nuts (65). 


[Q] Tighten 


@ Nuts (65) to 60 Nm (45 ft. Ibs.). 


5. Upper ball joint to steering knuckle as explained 
previously in this section. 
@ Take support away from rotor/nub assembly. 
6. Wheel and tire assembly. 
@ Check front alignment. 
ALIGNMENT (SEC. 3A). 


UPPER CONTROL ARM BUSHING 
REPLACEMENT 


Refer to FRONT END 


Remove or Disconnect (Figures 12 and 29) 


Tools Required: 
J 22269-01 Accumulator Piston Remover 
J 24770-2 Control Arm Bushing Remover 
J 24770-3 Control Arm Bushing Remover 


1. Upper control arm as explained previously in this 
section. 

Nuts (66). 

Retainers (46). 

Bushings (47) using J 22269-01, J 24770-2 and J 
24770-3 (figure 29). 


PON 


Install or Connect (Figures 12 and 30) 
Tools Required: 
J 22269-01 Accumulator Piston Remover 
J 24770-1 Control Arm Bushing Installer 


1. Pivot shaft (64) to upper control arm (48). 


J 24770-1 


J 22269-01 


F-10102 
Figure 30 — Installing Upper Control Arm Bushing 


2. New bushings (47) into control arm (48) and over 
end of pivot shaft (64) (figure 30). 


Important 


e@ Both upper control arm bushings (47) are to be 
installed 13.3 + 0.5mm (0.5 + 0.02-inch) from the 
face of control arm to bushing outer sleeve (figure 
31). 


3. Retainers (46) to pivot shaft (64) ends. 


NOTICE: See "Notice" on page 3C-1 of this 
section. 


4. Nuts (66). 
e@ Upper control arm assembly to vehicle as 
explained previously in this section. 


[Q] Tighten 


e@ Lower vehicle and with weight on wheels, 
torque shaft pivot nuts (66) to 88 Nm (65 ft. 
Ibs.). 


e Check front alignment. Refer to FRONT END 
ALIGNMENT (SEC. 3A). 
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LOWER CONTROL ARM 
REPLACEMENT 


Remove or Disconnect (Figures 12, 14 and 32) 


1. Coil spring as explained previously in this section. 
2. Lower ball joint as explained previously in this 
section. 
e Support lower control arm (29) after ball joint 
stud breaks loose. 
e@ Guide lower control arm (29) out of opening in 
splash shield (figure 14). 


3. Nuts (54 and 63). 
4. Bolts (55 and 62). 
5. Lower control arm (29). 


Install or Connect (Figures 12, 27 and 32) 


1. Lower control arm (29) in place. 
2. Bolts (65 and 62) with head forward. 
3. New jam nuts (54 and 63) (figure 27). 


[A] Tighten 


@ Nut (63) to 127 Nm (94 ft. Ibs.) and nut (54) to 
90 N'm (66 ft. Ibs.). 


4. Lower ball joint (59) stud to knuckle as explained 
previously in this section. 
5. Coil spring as explained previously in this section. 
e Check front end alignment. Refer to FRONT 
END ALIGNMENT (SEC. 3A). 


29, Lower Control Arm 60. Bushing 
54. Lock Nut 62. Bolt 
55. Bolt 63. Lock Nut 
56. Bushing 69. Bumper 
59, Lower Ball Joint 


F-10103 
Figure 32 — Removing Lower Control Arm 


J 21474-18 


J 21474-5 ee 


J 22222-5> 
J 21474-23 


A. Tool Bearing, Hidden 


F-10104 
Figure 33 — Removing Lower Control Arm 
Front Bushing 
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LOWER CONTROL ARM BUSHING 
REPLACEMENT 


FRONT BUSHING 


Removal or Disconnect (Figures 32 and 33) 


Tools Required: 
J 21474-5 Receiver 
J 21474-18 Special Nut 
J 21474-19 Special Bolt 
J 21474-23 Lower Control Arm Front Bushing 
Remover 
J 22222-5 Control Arm Spacer 


Lower control arm (29) as explained previously in 

this section. 

@ Place lower control arm (29) in a vise. 

e@ Drive bushing flare down flush with rubber part 
of bushing, using a blunt chisel. 

Front bushing (60). 

@ Install J 21474-5, 18, 19 and 23 plus J 22222-5 
(figure 33). 

@ Tighten until front bushing comes free. 


Install or Connect (Figures 32 and 34) 


Tools Required: 

J 21474-2 Flaring Tool 

J 21474-5 Receiver 

J 21474-8 Front and Rear Lower Control Arm 
Bushing Remover and Installer 

J 21474-13 Lower Control Arm Front and Rear 
Bushing Installer 

J 21474-18 Special Nut 

J 21474-19 Special Bolt 

J 21474-12 Lower Control Arm Front Bushing 
Spacer 

J 21474-20 Bushing Installer 

J 22222-5 Lower Control Arm Front Bushing 
Spacer 


Front bushing (60). 

@ Install tools as shown in figure 34. Lip is on 
outside of control arm (29). 

e@ Tighten until front bushing seats fully into lower 
control arm (29). Remove tools. 

e Flare front bushing (60) by installing J 21474-2, 
12, 13 and 18 as shown in figure 35. ’ 

@ Tighten until bushing is flared to approximately 
45 degrees and remove tools. 

Remove lower control arm (29) from vise. 

Lower control arm (29) as explained previously in 

this section. 


B J 21474-5 

J 22222-5 
A. Hidden Bearing 
B. J 221474-19 Bolt, Hidden F-10105 


Figure 34 — Installing Lower Control 
Arm Front Bushing 


J 21474-18 


REAR BUSHING 
Remove or Disconnect (Figures 32 and 35) 


Tools Required: 

J 21474-5 Receiver 

J 21474-8 Lower Control Arm Front and Rear 
Bushing Remover 

J 21474-12 Rear Lower Control Arm Bushing 
Installer Spacer 

J 21474-18 Special Nut 

J 21474-19 Special Bolt 


1. Lower control arm (29) as explained previously in 
this section. 


J 221474-18 


J 21474-13 
af 


J 21474-2 


A. Front Lower Control Arm 
B. Thrust Bearing 


J 21474-12 
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Figure 35 — Flaring Bushing 
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Figure 36 — Removing Lower Control 
Arm Rear Bushing 


e Place lower control arm (29) in a vise. 
2. Rear bushing (56). 


@ Install J 21474-5, 8, 12, 18 and 19 (figure 36). 


@ Tighten until rear bushing (56) comes free. 


Install or Connect (Figures 32 and 38) 


Tools Required: 
J 21474-2 Receiver 
J 21474-12 Rear Lower Control Arm Bushing 
Installer Spacer 
J 21474-18 Special Nut 
J 21474-19 Special Bolt 


1. Rear bushing (56) into lower control arm (29). 
@ Install tools as shown in figure 37. (Lip on 
outside of control arm). 


@ Tighten until rear bushing seats fully into lower 
control arm (29). 


2. Remove lower control arm (29) from vise. 


3. Lower control arm (29) to vehicle as explained 
previously in this section. 


J 21474-2 


J 21474-19 


F-10108 


Figure 37 — Installing Lower Control 
Arm Rear Bushing 


J 21474-18 J 21474-12 
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FRONT SUSPENSION SPECIFICATIONS 


Siamiives Bal Diane occ vs ooo ck ek bSGs Rds ie Ree ee hus 25mm 
LH Coil Spring Free Height.......... <enekwsaee eee ee 299mm 
RH Coll Soring Free Height 2c cs ccccccataccacncsensnne 306mm 
Number oF Gele= OFA 460665 665 250856645 0k ks eon SERED 5.567 
NIUMNDSr OF Sole — AP o4.4é6c bes bs on s4 hes bees kKeeesaas 5.934 


Nm Ft. Lbs. 

STABILIZER 

SAeOier LINK NOM 5s caeine ce con WARWE RE ROEM Cee ele Bee 17 13 

Stabilizer Bar Bracket to Frame Bolts and Nuts** ......... 33 24 
SHOCK ABSORBER 

Shock Absorber Upper Attaching Nut..........002ee00% 11 8 

Shock Absorber to Control Arm Bolts .........00eeeeees 27 20 
CONTROL ARMS 

Upper Control Arm to Frame Attaching Nuts............-. 60 45 : 

Lower Control Arm to Frame Attaching Nut (Rear)**....... 90 66 

Lower Control Arm to Frame Attaching Nut (Front)** ...... 128 94 

Upper Arm Bushing (Pivot Shaft Nuts) ............5e08. 88 65 
BALL JOINTS 

Service Ball Joint to Upper Control Arm ........0eeeeees 11 8 

Lower Ball JOUUS: s10 c55 60565 64d Ka be cen eRe eee RTOs 120 90 

Upper Ball Joints ...... j PRES EME SEO WER ORES CRORE HESS 82 60 
STEERING KNUCKLE 

Splash Shield to Steering Knuckle Bolts ..........ee000- 14 10 
BUMPER 

Lower Control Atm) ic isvss cess cece tse eavscseecesese 27 20 


* Obtain torque by running nut to unthreaded portion of bolt. 
** Torque with weight of vehicle on the wheels. 
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SPECIAL TOOLS 


J 6627-A 6. Gy J 21474-23 


J 22222-5 


J 9519-E J 22269-01 


J 23028-01 


J 21474-01 


J 21474-20 J 23742 


J 24770 


. Tie Rod End Puller 


. Dial Indicator 
. Ball Joint Remover and Installer Set q J29117-A 


Control Arm Bushing Service Set 
. Front and Rear Bushing Installer 

. Bushing Remover 

- Control Arm Bushing Remover 

. Tie Rod End Installer 

. Coil Spring Remover and Installer 

| Ball Joint Separator 

. Control Arm Bushing Remover and Installer 
Wheel Bearing Cup Remover 

. Steering Linkage Installer 


CMNAMAYND= 


J 29193 
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SECTION 3D 
REAR SUSPENSION 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 
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DESCRIPTION 


These vehicles use a leaf spring and solid rear axle Ride control is provided by two identical direct 
suspension system. double acting shock absorbers angle-mounted between 
The rear axle assembly is attached to multi-leaf the frame and brackets attached to the anchor plate. 
springs by U-bolts. The front ends of the springs are 
attached to the frame at the front hangers, through 
rubber bushings. The rear ends of the springs are 
attached to the frame by the use of shackles which 
allow the springs to "change their length" while the 
vehicle is in motion. 
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DIAGNOSIS OF REAR SUSPENSION COMPONENTS 


Spring Noise 1. Loose U-bolts. 1. Tighten to specified torque. 
2. Loose or worn eye bushings. 2. Replace eye bushings. 
3. Lack of lubrication. 3. Lubricate as required. 

4, Faulty shock absorber. 4. Replace shock absorber. 


Spring Sag Or 
Bottom 


1. Inoperative shock absorbers. 
2. Broken spring leaf. 
3. Severe operation or overloading. 


1. Replace shock absorbers. 
2. Replace spring assembly. 
3. Check load capacity rating. 


Spring Breakage 1. Loose U-bolts. 
2. Normal fatigue. 


3. Overloading. 


1. Tighten to specified torque. 
2. Replace spring. 
3. Check load capacity rating. 


Shock Binding 


SHOCK ABSORBER 
REPLACEMENT 


t 
Remove or Disconnect (Figure 1) 


1. Scored rod. 1. Replace shock absorbers. 
2. Dents. 2. Replace shock absorbers. 
3. Leaks (seal cover). 3. Replace shock absorbers. 


1. Broken mounts. 1. Replace shock absorbers. 
2. Extreme bushing wear. 2. Replace shock absorbers. 


ON-VEHICLE SERVICE 


@ Raise vehicle on a hoist. 
1. Shock absorber (3) to frame bracket (1), nuts (4) 
and bolts (2). 
2. Shock absorber (3) to anchor plate (7), nut (6) and 
flat washer (5). 
3. Shock absorber (3) from vehicle. 


Install or Connect (Figure 1) 


1. Shock absorber (3) to anchor plate (7). 
@ Do not attach flat washer or nut. 
2. Shock absorber (3) to frame bracket (1) with bolts 
(2) and nuts (4). 
3. Anchor plate flat washer (5), and nut (6). 
@ Lower vehicle. . Frame Bracket 
. Bolt 
. Shock Absorber 
. Nut 
. Flat Washer 
. Nut 
. Anchor Plate F-10016 


Figure 1 — Shock Absorber Mounting 
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SPRING ASSEMBLY 5. Spring assembly (15) from oo ee 
6. Shackle (14) t ing nut (13), flat washers ; 
REPLACEMENT ea Sy o Spin 


7. Shackle (14). 
Remove or Disconnect (Figure 2) (14) 


© Fiche oxtisin cn we Install or Connect (Figure 2) 


e@ Support rear axle to relieve tension on leaf NOTICE: For steps 2, 4, 5, and 6 see "Notice" 


Sern. on page 3D-1 of this section. 
1. Shock absorber. pag i 


2. U-bolt nuts (17), flat washers (16), anchor plate 4. Shackle (14) to rearward spring eye. 


(18), and U-bolts (20). 2. Shackle to spring bolt (8), flat washers (12), and 
3. Shackle (14) to frame bolt (9), flat washers (10), ee (13). pring (®), (12), 
and nut (11). 


@ Do not tighten. 
4. Spring (15) front bracket nut (19), flat washers 3 


(21), and bolt (22). 


. Bolt 

. Bolt 

. Flat Washers 

. Nut 

. Flat Washers 

. Nut 

. Shackle 

. Spring Assembly 
. Flat Washers 

. Nut 

. Anchor Plate 

. Nut Pa 
. U-Bolt 


. Flat Washers 


. Bolt 


. Shackle Bushing F-10017 


Figure 2 — Spring Assembly 
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Measure (Figure 3) 


e Both dimensions B and C must be equal distances 
within 6.0mm (0.24 inches) on both ends of leaf 
number four. 
3. Spring assembly (15) to vehicle. 
4. Spring to front bracket bolt (22), flat washers (21), 
and nut (19). 
@ Do not tighten. 
5. Rear shackle (14) to frame bolt (9), flat washers 
(10), and nut (11). 
@ Do not tighten. 

6. U-bolts (20), anchor plate (18), flat washers (16), 
and nuts (17). 


[A Tighten (Figure 2) 


®@ Nuts (19) to 125 Nm (92 ft. Ibs.) in sequence. 
e Nuts (17) to 115 N'm (85 ft. Ibs.) in sequence. 


e Support axle in such a way that there is a distance 
of 148mm + 6mm (5.8-inch + 0.24-inch) between 
axle tube and bumper bracket metal surface. 


By Tighten 


@ The front bracket nut (19) and shackle nuts (13 
and 11) to 125 N'm (92 ft. Ibs.). 


7. Shock absorber. 
@ Lower vehicle. 


SPRING BUSHING 
REPLACEMENT: 


Remove or Disconnect (Figure 2) 


1. Spring assembly from vehicle. 
2. Bushing from leaf spring. 
e Press bushing from spring in an arbor press. 


Clean 


1. Spring eye of any remaining parts of bushing. 
2. Remove any burrs that would cause new bushing 
to bind when installed. 


Install or Connect (Figure 2) 


1. Arubber lubricant to bushing, and spring eye. 
2. Bushing to leaf spring. 


@ Press bushing into spring using an arbor press. 


3, Spring assembly to vehicle. 


SHACKLE REPLACEMENT 


Remove or Disconnect (Figure 2) 


e Raise vehicle on a hoist and support rear axle. 
1. Frame to shackle nut (11), flat washers (10), and 
bolt (9). 
2. Shackle to spring (15), flat washers (12), and nut 
(11). 
3. Shackle (14) from the vehicle. 


Install or Connect (Figures 2 and 3) 


NOTICE: For steps 2 and 3 see “Notice” on 
page 3D-1 of this section. 


A. 148mm + 6mm 


Cc oo age 


F-10018 
Figure 3 — Torque Sequence 
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1. Shackle (14) to vehicle. 
2. Shackle to spring nut (11), flat washers (12), and 

nut (13). 

@ Do not tighten. 

3. Frame to shackle bolt (9), flat washers (10), and 

nut (11). 

e@ Do not tighten. 

e@ Support axle in such a way that there is a 
distance of 148mm + 6mm (5.8-inch + 0.24- 
inch) between axle tube and bumper bracket 
metal surface (figure 3). 


[Q] Tighten 


@ Rear shackle nuts to 125 N'm (92 ft. Ibs.). 


SHACKLE BUSHING 
REPLACEMENT 


Remove or Disconnect (Figures 2 and 4) 


Tools Required: 
J 9519-E Ball Joint Remover 
J 21058-14 Adaptor (Part of J 21058) 


@ Raise vehicle on a hoist. 
1. Fuel tank. Refer to FUEL AND EMISSION 

CONTROLS (SEC. 6E). 

e@ Support rear axle assembly with a suitable jack. 

2. Upper shackle bolt (9), nut (11) and flat washers 

(10). 

e@ Loosen lower shackle bolt (8). 

e Lower rear axle and rotate shackle (14) out of 
way. 

e@ Flatten rolled up portion of shackle bushing 
using a punch and hammer or other suitable 
tools. 

3. Shackle bushing (23). 

e Install J 9519-E and J 21058-14 as shown in 

figure 4 to push bushing from frame rail. 


Important 


@ It is recommended that both shackle bushings be 
replaced when repairing either side. Repeat steps 
2 and 3 and remove other shackle bushing. 


Install or Connect (Figures 2 and 5) 


Tools Required: 
J 21474-5 Receiver 
J 21474-13 Control Arm Bushing Installer 
J 21474-18 3/8-Inch Nut 
J 21474-19 3/8-Inch Bolt 


1. Shackle bushing (23). 

e Assemble tools as shown in figure 5 and draw 
bushing into frame rail until flanged portion of 
bushing is flush with frame rail. 

@ Remove tools. 

e Stake bushing using a suitable chisel and 
hammer. 

e@ Raise rear axle assembly. 

2. Frame to shackle bolt (9), flat washers (10) and 

nut (11). 

@ Do not tighten. 

3. Repeat steps 1 and 2 for the other shackle 
bushing. 

e Support axle in such a way that there is a 
distance of 148mm + 6mm (5.8-inch + 0.24- 
inch) between axle tube and bumper bracket 
metal surface (figure 3). 


[a] Tighten 


e Rear shackle nuts to 125 Nm (92 ft. Ibs.). 


4. Fuel tank. Refer to FUEL AND EMISSION 
CONTROLS (SEC. 6E). 
e Lower vehicle. 


J 9519-E 


F-10338 
Figure 4 — Removing Shackle Bushing 
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STABILIZER BAR [A] Tighten 


REPLACEMENT @ Stabilizer to link nut to 45 N'm (83 ft. Ibs.). 
@ Link to axle nut to 18 Nm (13 ft. Ibs.). 


Remove or Disconnect (Figure 6) 


e Lower vehicle. 


e Raise vehicle and support with suitable stands. 

Link (26) to stabilizer bar (82) bolt (24), flat 

washers (25) and nut (27). 

. Clamp bolts (31). J 21474-5 

. Clamps (83). 

. Stabilizer bar (32). 

. Link nut (80), flat washer (29), insulators (28), and 
link (26). 


_ 
. 


opwon 


Install or Connect (Figure 6) 


1. Link (26), insulators (28), flat washer (29), and nut 
(80) to axle. 
®@ Do not tighten. 

2. Stabilizer bar (32). 


3. Clamps (33). 
4. Clamp bolts (31). 21474-18 
By Tighten | F-10339 


Figure 5 — Installing Shackle Bushing 
@ Clamp bolts to 33 Nm (24 ft. Ibs.). 


5. Stabilizer bar (32) to link (26). 
6. Stabilizer to link bolt (24), flat washers (25), and 
nut (27). 


24 25 26 25 of 


ae 

. Bolt a a 
25, Flat Washer 4 of! 
26. Link on 
27. Nut pee pt 
28. Lager , a 2 28 
29, Flat Wasne “ad 
30. Nut O-— 29 
31. Bolt 8 
32. Stabilizer Bar 30 


, Clamp F-10019 


Figure 6 — Stabilizer Bar 
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SPECIFICATIONS 


REAR SUSPENSION SPECIFICATIONS 


Pe ueet ROT “ae oa a vue ke bRESRROR OES wkee hei oes OS hS4 RAs OO OMe bad CUS RR OR Es WR ES 22mm 
TORQUE SPECIFICATIONS 
N'm Ft. Lbs 

LEE hh. ¢ 66a we be one oo oe BRS 6 HE ONSOR HERE Mere 115 85 
Sisokie 10 Fravie BOW . osck cs cen eescevcevesedakasans 125 92 

’ Jere 1 Soaring Bar 6 eke es c keeway eens cieedsaaves 125 92 
Snnng to Fionkt Breeket WUE cue cae ddaeuieceesenades vex 125 92 
Sick Abeoroer Upper NUE sss det cacee es ob RNa een eee 23 17 
Shook Absorber Lowar NE coc icecccdviees antes nnvess 64 47 
Statilizer Bar Cinip Bot .acciverevesseacecsvesawcuns 33 24 
Stauizert6 LW BOR NE i. ons cavew 6s 600605 24 Re ses ares 45 33 
Le 1 ARO NUE cvs icckeacasaw aus va 00328 84 80s 02 OKO 18 13 


J 21474-18 


J 21474-19 


y) 3 21474-13 5) a J 21058 


1. Ball Joint Remover . 3/8-Inch Nut 

2. Receiver . 3/8-Inch Bolt 

3. Control Arm Bushing Installer . Front Lower Control Arm _ 
Bushing Remover and Installer 
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BLANK 


WHEELS AND TIRES 3E - 1 


SECTION 3E 
WHEELS AND TIRES 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 
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This section details special service procedures that 
are not covered in the USPS Long Life Vehicle 
Operator’s Manual. For jacking instructions, basic tire 
changing instructions, and a detailed explanation of all 
other owner-oriented information, refer to the proper 
section in the USPS Long Life Vehicle Operator's 


‘ a eG ck M INGU 
Manual. THis NFORMS:TO/ALWAPPLICABLE FEOERAU MOTO 
we ane R DAROS SIN EFFE FFECTC rc ONITHE eau ane 


DATA PLATE 


The Data Plate contains information used to 
determine which tire size and type the vehicle uses 
(figure 1). 


F-10014 


Figure 1 — Data Plate 


3E - 2 WHEELS AND TIRES 


TIRE LOAD LIMITS AND 
INFLATION PRESSURE 


The factory installed wheels and tires are designed to 
handle loads up to and including their rated load 
capacity when inflated to the recommended inflation 
pressures (figure 2). Correct tire pressures and driving 
techniques have an important influence on tire life. 
Heavy cornering, excessively rapid acceleration, and 
unnecessary braking increase tire wear. Underinflated 
tires can cause handling problems, poor fuel economy, 
shortened tire life, and tire overloading. 


Important 


e The use of wheels and/or tires with higher load 
Capacity ratings than originally equipped on the 
vehicle will not increase the Gross Axle Weight 
Rating (GAWR) or the Gross Vehicle Weight 
Rating (GVWR) of the vehicle (figures 2 and 3). 


TIRE LOAD LIMIT AND INFLATION 


PRESSURE CHART 


Maximum 
Axle Load* 
kg (Ibs.) kPa (psi) 


LT 195/75 R14 Front Rear 
M+S 998 (2,200) 1270 (2,800) 
* Maximum axle load must not exceed either the value shown for 


your tire size on this chart, or the gross axle weight rating 
(GAWR) on the data plate, whichever is less. 


Inflation 
Pressure 


Figure 2 — Tire Load Limit Chart 


WHEEL CODE AND LOAD LIMITS 


Max. Load Max. Pressure 
kg (Ibs.) kPa (psi) 


pe [axe | esr e507 | 200 60 | 


*Wheel code Is located to the right of the valve stem hole. 


Figure 3 — Wheel Code and Load Limits 


WHEELS AND TIRES 3E - 3 
DIAGNOSIS OF WHEELS AND TIRES 


The following information (including figure 4) will help identify certain tire-related durability and driveability 
problems. 


PROBLEM POSSIBLE CAUSE CORRECTION 


Excessive Heel 1. High speed driving, excessive use of 1. Correct as required, rotate tires 
And Toe Wear brakes. regularly. 


Excessive Tire . Underinflated tires. 1. Inflate to recommended pressure. 
Edge(s) Wear . Vehicle overloaded. . Correct as required — refer to vehicle 
data plate. 
. High speed cornering. . Correct as required. 
. Incorrect toe setting. . Set to correct specifications. Refer to 
FRONT END ALIGNMENT (SEC. 3A). 


Excessive Tire . Overinflated tires. . Deflate to recommended pressure. 
Wear (Center Of 
Thread) 


Uneven Tire Wear | 1. Improper tire pressure. . Inflate to recommended pressure. 

2. Incorrect tire and wheel usage. . Install correct tire-wheel combination. 

3. Faulty shock absorbers. . Replace shock absorbers. 

4, Front end out of alignment. . Align front end. 

5. Loose, worn, or damaged steering . Inspect, repair or replace as required. 
linkage, joints, suspension 
components, bushings and/or ball 
joints. 

. Out of balance wheel/tire. . Balance wheel/tire. 


Radial Tire . Faulty tires. . Replace faulty tires. 
Waddle (Side-To- 

Side Movement 

At Speeds 

Between 5 And 

15 MPH) 


Vibration . Out of balance wheel/tire. . Balance wheel/tire. 
. Tire runout. . Replace tire. 
. Wheel runout. . Replace wheel. 
. Faulty tire. . Replace tire. 
. Improper tire rotation. . Rotate tires. 


3E - 4 WHEELS AND TIRES 


Check for proper trim 


Adjust tire pressure to 
specifications. 


heights 
Check brakes for drag. 


Leads/Pulls 


Cross switch front tire 
and wheel assemblies. 


Road test. 


Leads/Pulls same direction. 


[Probable cause is front- 
wheel alignment, check 
caster-camber-toe. 


Leads/pulls opposite d :c- 
tion. 


Probable cause is tires. 


Swap left front tire and 
wheel assemblies with left 
rear tire and wheel as- 
semblies. 


Road test. | OK | 
| Still leads. | Replace left rear tire. 


Swap right, front tire and 
wheel assemblies with right 
rear tire and wheel as- 
semblies. 


Road test. 
| __ Still leads. | Replace right rear tre. 


Alignment not within speci 
fications. 


Adjust front-wheel align- 
ment to specifications. 


Alignment within specifica 
tions. 


Change caster setting. 


Leads left. Leads right. 
Set left caster at top spec, Set right caster at top spec, 
set right caster 1° less. 


set left caster at 1° less. 
Road test. 
Still leads left. Still leads right. 


Continue decreasing left 
caster until pull is elimina- 
ted. Do not exceed 2° cross 
caster. 


Continue decreasing right 
caster until pull is elimina- 
ted Do not exceed 2° cross 
caster. 


F-00076 


Figure 4 — Radial Tire Lead/Pull Diagnosis Chart 
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ON-VEHICLE SERVICE 


EXCESSIVELY TIGHT 
WHEELS 


Use this procedure to remove the wheel and tire 
assembly if it does not break free of the hub using a 
standard removal procedure. 


1. Tighten all lug nuts on affecteci wheel. 

@ Do not torque. 

Raise vehicle. 

Loosen each nut two turns. 

Lower vehicle to floor. 

Rock vehicle from side-to-side is loosen wheel. Or 
rock vehicle from forward tc reverse allowing 
vehicle to move several feet imi each direction. 
Apply quick, hard jabs on brake pedal to loosen 
wheel. 

6. Raise vehicle and remove lug riuts and wheel. 


SEPARATING TIRE FRM WHEEL 


ap on 


NOTICE: Use a tire changing mé::iine to demount 
tires. Do not use hand tools or i.-e irons alone to 
remove the tire from the wheel. L2mage to the tire 
beads or wheel rim could result. 


e@ Follow tire changing machine manufacturer's 
instructions to properly separate tire from wheel. 


MOUNTING TIRE ON WHEEL 


1. Clean tire bead area. 

2. Clean rim bead seats with a wire brush or coarse 
steel wool to remove lubricants, old rubber, and 
light rust. 

3. Apply an approved tire lubricant to tire bead area. 

4. Attach tire to wheel. 

e Use a tire changing machine. 
equipment manufacturer's instructions. 


Follow 


CAUTION: Do not stand over tire when inflating. 
The bead may break when It snaps over the safety 
hump, and cause serious personal Injury. Do not 
exceed 343 kPa (50 psi) pressure when inflating. 
If 343 kPa (50 psi) pressure will not seat beads, 
deflate, relubricate and reinflate. Overinflation may 
cause the bead to break and result In personal 
injury. 


5. Install a valve core and inflate to specified 
pressure (figure 2). 

e@ Locating rings on each side of tire must show 

above rim flanges, positioned in direct relation 

to wheel (not eccentric as compared with rim). 


6. Check bead seating. 
e Tires must be mounted and inflated in 
accordance with safety precautions included 
with tire mounting equipment. 


WHEEL AND TIRE BALANCING 


To insure successful, accurate balancing, the 

following precautions must be observed: 

@ Wheel and tire must be clean and free of all 
foreign matter. 

@ Tire should be in good condition and properly 
mounted using balance mark on tire, if any, or 
lined up with inflation valve. 

@ Bent wheels that have a runout over 1.6mm 
(1/6-inch) should be replaced. 

@ Inspect wheel and tire assembly to determine if an 
out-of-round condition exists. 


Important r 


@ A_ severe out-of-round condition cannot be 
“balanced out." A wheel and tire assembly having 
an out-of-round condition exceeding 4.7 mm 
(3/16-inch) is not suitable for front of vehicle. Its 
use on rear of vehicle must be governed by its 
general condition and whether roundness problem 
seriously detracts from overall ride quality. 


e@ Follow wheel balancer machine instructions while 
performing balancing operation. 


TIRE ROTATION 


To equalize wear, rotate tire and wheel assemblies 
every three months or 5,000 miles (8,000 kilometers) 
which ever comes first (figure 5). In addition to 
scheduled rotation, the tire and wheel assemblies 
should also be rotated whenever uneven tire wear is 
noticed. 

Due to their design, radial tires tend to wear faster in 
the shoulder area, particularly in front positions. Radial 
tires in non-drive locations may develop an irregular 
wear pattern that can increase tire noise if not rotated. 
This makes regular rotation especially necessary. 

After rotation, be sure to check wheel nuts for 
specified torque. 


3E -6 WHEELS AND TIRES 


"o Ol 


WHEEL RUNOUT CHART 


Figure 6 lists Radial and Lateral Runout for the 
wheels available on this vehicle. 


WHEEL TIGHTENING SEQUENCE 


DO NOT INCLUDE “TEMPORARY USE ONLY 


The wheel tightening sequence shown in figure 7 is 
SPARE TIRE IN ROTATION 


for all wheels available on this vehicle. 
F-10036 


Figure 5 — Tire Rotation 


Radial Runout 
Lateral Runout 


Figure 7 — Wheel Tightening Sequence 


Figure 6 — Wheel Runout Chart 


SPECIFICATIONS 


TORQUE SPECIFICATIONS 


Lig (RE CONS 2 occ cdeawa cer sedencve cas s0e pie es <4 wen we 128 95 
WHEEL SPECIFICATIONS 


STEERING COLUMN, ON-VEHICLE SERVICE 3F - 1 
SECTION 3F 


STEERING COLUMN, ON-VEHICLE SERVICE 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 
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DESCRIPTION 


STEERING COLUMN 3. The ignition, steering and gear shifting operation 
can be locked to inhibit theft of the vehicle by the 


’ ; : use of a column mounted lock. 
The locking energy absorbing steering column 


includes three important features in addition to the 


: ; The column may be disassembled and reassembled. 
steering function: 


, : ; To insure the energy absorbing action, it is important 
1. The column is energy absorbing, designed to that the specified arene, bolts and nuts be ae only 
compress in a front-end collision to minimize the =a, designated and that they are tightened to the 
possibility of injury to the driver of the vehicle. specified torque. 
2. The ignition switch and lock are mounted When the column is removed from the vehicle, such 
conveniently on the column. actions as a sharp blow on the end of the steering shaft 
or shift lever, leaning on the column assembly, or 
[2 ]important dropping of the assembly could shear or loosen the 


; Bek : lastic fasteners that maintain column rigidity. 
@ The ignition switch used on this vehicle is supplied P . igidity 


by Grumman Allied Industries. If service becomes 
necessary be sure to install the correct switch. 
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HAZARD/TURN SIGNAL SYSTEMS 


The hazard flasher and turn signal systems use three 
flasher units. This allows the use of rear turn signals 
while the hazard flashers are operating. However, the 
front turn signals will remain inoperative with the hazard 
flashers on. 

Early vehicles used a two flasher system that would 
not allow the use of the turn signals when the hazard 


flashers were operating. This condition was corrected 
by adding a turn signal flasher harness. Refer to 
Vehicle Modification Order No. 13-89 and 14-89. 

Vehicles built after VIN M 29100822 had an electronic 
hazard flasher unit (Part No. 15504673) installed to 
extend the life of the flasher. If service of the non- 
electronic flasher is necessary, its recommended that 
the electronic flasher is installed. 


Lock System Will 
Not Unlock 


Lock System Will 
Not Lock 


Lock System - 
High Lock Effort 


Lock Cylinder - 
High Lock Effort 
Between "Off" 
And “Off-Lock" 
Positions 


Sticks In "Start" 
Position 


Key Cannot Be 
Removed In “Off- 
Lock" Position 
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DIAGNOSIS OF STEERING COLUMN 


SY aro P= 


Lock bolt damaged. 
Faulty lock cylinder. 


Damaged housing. 
Damaged or collapsed sector. 
Damaged rack. 


Lock bolt spring is broken. 
Damaged sector tooth. 
Faulty lock cylinder. 


Damaged housing. 

Damaged rack. 

Interference between bowl and 
coupling. 

Ignition switch stuck. 


Actuator rod restricted or bent. 
Transmission linkage adjustment is 
incorrect. 


Lock cylinder is-faulty. 
Ignition switch is faulty. 


Rack preload spring is broken or 
weak. 

Burrs on sector, rack, housing, 
support, tang of shift gate or actuator 
rod coupling. 

Bent sector shaft. 

Distorted rack. 

Bent or restricted actuator rod. 
Ignition switch mounting bracket is 
bent. 


Burr on tang or shift gate. 
Distorted rack. 


Actuator rod is deformed. 
Any high effort condition. 


Ignition switch is not set correctly. 
Faulty lock cylinder. 


Replace lock bolt. 

Replace or repair lock cylinder as 
explained later in this section. 
Replace housing. 

Replace sector. 

Replace rack. 


Replace spring. 

Replace sector tooth. 

Replace lock cylinder as explained 
later in this section. 

Replace housing. 

Replace rack. 

Adjust or replace bowl and coupling. 


Reposition or replace switch as 
explained later in this section. 
Adjust or replace actuator rod. 
Adjust linkage. Refer to 3L30 (THM 
180/180C) AUTOMATIC 
TRANSMISSION (SEC. 7A). 


Replace lock cylinder as explained 
later in this section. 

Replace ignition switch as explained 
later in this section. 

Replace spring. 


Remove burrs. 


Replace shaft. 

Replace rack. 

Straighten or replace rod. 
Straighten or replace bracket. 


Remove burr. 
Replace rack. 


Straighten or replace rod. 
See "correction" under High Steering 
Shaft Effort Diagnosis. 


Adjust ignition switch. 
Replace lock cylinder as explained 
later in this section. 
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DIAGNOSIS OF STEERING COLUMN (CONT.) 


Lock Cylinder 1. Faulty retainer. 1. Replace lock cylinder as explained 
Can Be Removed later in this section. 

Without Remove burr. 
Depressing 
Retainer 


Lock Bolt Hits 
Shaft Lock In 
"Off and "Park" 
Positions 


2. Burr over retainer slot in housing 
cover. 


1. Ignition switch is not set correctly. 1. Reposition ignition switch as 
explained under "Ignition Switch 


Replacement" in this section. 


Noise In Column | 1. Flexible coupling pulled apart. Align column and replace flexible 
coupling. 
2. Align column. 


3. Normal seating of lock bolt. 


2. Column not correctly aligned. 

3. One click in Off-Unlock position and 
when steering wheel is moved. 

4. Horn contact ring not lubricated. 


4. Lubricate. Refer to MAINTENANCE 
AND LUBRICATION (SEC. OB). 

5. Lubricate. Refer to MAINTENANCE 
AND LUBRICATION (SEC. OB). 

6. Replace bearing. Inspect shaft and 
replace if scored. 

7. Replace housing assembly. 

8. Replace retaining ring. Inspect for 
proper seating in groove. 

9. Replace snap ring. Inspect for proper 
seating in groove. 

10. Tighten mounting screws. 

11. Repair or replace steering shaft. Align 

column. 


5. Lack of grease on bearings or 
bearing surface. 
6. Lower shaft bearing is tight or frozen. 


7. Upper shaft bearing is tight or frozen. 
8. Lockplate retaining ring is not seated. 


9. Steering shaft snap ring is not 
seated. 

10. Shroud or housing is loose. 

11. Sheared intermediate shaft plastic 

joint. 


High Steering 


1. Column assembly is misaligned in 
Shaft Effort 


vehicle. 

2. Tight or frozen upper or lower 
bearings. 

3. Binding intermediate shaft U-joints. 


Align correctly. 


2. Replace bearings. 


Repair or replace intermediate shaft. 


1. Column assembly is misaligned in 
vehicle. 

2. Lower bowl bearing is not aligned 
correctly. 

3. Lack of grease on bearing or seal 

areas, 


1. Align correctly. 


2. Align correctly. 


3. Lubricate bearings and seals. Refer 
to MAINTENANCE AND 
LUBRICATION (SEC. OB). 

4. Replace shift tubes. 


4. Shift tube is bent or broken. 


Sheared shift tube joint. 
Improper transmission linkage 
adjustment. 


1. Replace shift tube assembly. 
2. Adjust linkage. Refer to 3L30 (THM 
180/180C) AUTOMATIC 
TRANSMISSION (SEC. 7A). 
3. Replace shift tube assembly. 
4. Replace shift tube assembly. 


Improper 
Transmission 
Shifter 


n= 


3. Loose lower shift lever. 
Sheared lower shift lever weld. 
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DIAGNOSIS OF STEERING COLUMN (CONT.) 


Lash In Mounted Column mounting bracket bolts loose. Tighten to specifications. 
Column Assembly Broken weld nuts on jacket. Replace jacket assembly. 
Column bracket capsule sheared. Replace bracket assembly. 


Loose connector at dimmer switch. 
Improper adjustment. 
Internally damaged or worn switch. 


Dimmer Switch 
Will Not Function 


Tighten or replace. 
Readjust. 

Replace switch. Refer to STANDARD 
STEERING COLUMN, COLUMN 
SHIFT UNIT REPAIR (SEC. 3F1A). 


ON |}ON> 
ON> |]ON> 


Turn Signal Will 
Not Cancel 


Tighten screws to 2.8 Nm (25 in. 
Ibs.). 
2. Replace switch as explained later in 


Loose switch mounting screws. 


Switch or anchor bosses broken. 


this section. 
3. Broken, missing or out of position 3. Reposition or replace springs as 
detent, return or canceling spring. required. 


4. Uneven or incorrect cancelling cam to 
cancelling spring interference. 


4. Reposition switch. 
e@ If interference is correct and 
switch will still not cancel, replace 
switch as explained later in this 
section. 
e If interference cannot be 
corrected by switch adjustment, 
replace cancelling cam. 


—_ 
. 


Tighten mounting screw to 1.4 Nm 
(12 in. Ibs.). 

Replace switch. 

Reposition or replace springs. 
Remove foreign parts and/or material. 
Tighten mounting screws to 2.8 Nm 
(25 in. Ibs.). 


Actuator rod loose. 


Turn Signal 
Difficult To 
Operate 


2. Yoke broken or distorted. 

3. Loose or misplaced springs. 

4. Foreign parts and/or materials. 
5. Switch mounted loosely. 


oP wh 


Replace switch as explained later in 
this section. 
Replace or reposition as required. 


Turn Signal Will 
Not Indicate Lane 
Change 


1. Broken lane change pressure pad or 
spring hanger. 

2. Broken, missing or misplaced lane 

change spring. 

Jammed base or wires. 


3. Loosen mounting screws, reposition 
base or wires and tighten screws to 
2.8 N'm (25 in. Ibs.). 


Turn Signal Will 
Not Stay In Turn 
Position 


Foreign material or loose parts 
obstructing movement of yoke. 

2. Broken or missing detent or 
cancelling springs. 

None of the above. 


1. Remove material and/or parts. 


2. Replace spring. 


3. Replace switch as explained later in 
this section. 


1. Foreign material between hazard 
support cancelling leg and yoke. 


1. Remove foreign material. 
e No foreign material. Replace turn 
signal switch. 


Hazard Switch 
Cannot Be 
Turned Off 
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DIAGNOSIS OF STEERING COLUMN (CONT.) 


Hazard Switch 
Will Not Stay On 
Or Difficult To 
Turn Off 


No Turn Signal 
Lights 


Turn Indicator 
Lights On, But 
Not Flashing 


Front Or Rear 
Turn Signal 
Lights Are Not 
Flashing 


Loose switch, mounting screws. 


Interference with other components. 
Foreign material. 
None of the above. 


Faulty or blown fuse. 

Inoperative turn signal flasher(s). 
Loose chassis to column connector. 
Disconnect column to chassis 
connector. Connect new switch to 
chassis and operate switch by hand. 
If vehicle lights now operate normally, 
signal switch is inoperative. 

If vehicle lights do not operate, check 
chassis wiring for opens, ground, etc. 


Inoperative turn flasher(s). 
Loose chassis to column connection. 


Inoperative turn signal switch. 


. To determine if turn signal switch is 


faulty, substitute a new switch into 
circuit and operate switch by hand. If 
vehicle's lights operate normally, 
Signal switch is inoperative. 

If vehicle lights do not operate, check 
light sockets for high resistance 
connections, or chassis wiring for 
opens, grounds, etc, 


Inoperative turn flasher(s). 

Burned out fuse. 

Burned out or damaged turn signal 
bulb. 

High resistance connection to ground 
at bulb socket. 

Loose chassis to column connector. 


Disconnect column to chassis 
connector. Connect a new switch into 
system and operate switch by hand. 
If turn signal lights are now on and 
flash, turn signal switch is inoperative. 
If vehicle lights do not operate, check 
chassis wiring harness to light 
sockets for opens, grounds, etc. 


Tighten mounting screws to 2.8 N'm 
(25 in. Ibs.). 

Remove interference. 

Remove foreign material. 

Replace switch. Refer to 
ELECTRICAL (SEC. 8). 


Replace fuse and check operation. 
Replace turn signal flasher(s). 
Connect securely, check operation. 
Replace turn signal switch as 
explained later in this section. 


Repair chassis wiring. 


Replace turn flasher(s). 
Connect securely and check 
operation. 

Replace turn signal switch as 
explained later in this section. 
Replace turn signal switch as 
explained later in this section. 


Repair chassis wiring. Refer to 
ELECTRICAL (SEC. 8). 


Replace turn flasher(s). 

Replace fuse and check operation. 
Replace bulb, Refer to ELECTRICAL 
(SEC. 8). 

Remove or repair faulty connection 
and check operation. 

Connect securely and check 
operation. 

Replace turn signal switch as 
explained later in this section. 


Repair chassis wiring. Refer to 
ELECTRICAL (SEC. 8). 
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DIAGNOSIS OF STEERING COLUMN (CONT.) 


Stop Light Not On | 1. Burned out fuse. 1. Replace fuse and check operation. 
When Turn 2. Loose column to chassis connection. | 2. Connect securely and check 
Indicated operation. 

3. Replace signal switch. 


3. Disconnect column to chassis 
connector. Connect new switch into 
system without removing old. 
Operate switch by hand. If brake 
lights work with switch in turn 
position, signal switch is 
malfunctioning. 

4. If brake lights do not work, check 
connector to stop light, or sockets for 

ground or open. 


1. Burned out bulb(s). 


4. Repair connector to stop light 
Circuits. 


Turn Indicator 
Panel Light(s) Not 
Flashing 


1. Replace bulb(s). Refer to 
ELECTRICAL (SEC. 8). 
Replace socket. 


2. High resistance to ground at bulb 
socket. 

3. Opens, or ground in wiring harness 
from front turn signal bulb socket to 

indicator light(s). 


Locate and repair as required. 


. Replace turn signal flasher(s). 

2. Increase voltage to "Specifications." 
Refer to CRANKING SYSTEM (SEC. 
6D2). 

3. Repair high resistance grounds at 
light sockets. 

4. Connect securely and check 
operation. 

5. Replace turn signal switch as 
explained later in this section. 


Turn Signal 
Lights Flash Very 
Slowly 


Inoperative turn signal flasher(s). 
System charging voltage low. 


3. High resistance ground at light 
sockets. 
Loose chassis to column connection. 


5. Disconnect column to chassis 
connector. Connect new switch into 
system without removing old. 
Operate switch by hand. If flashing 
occurs at normal rate, signal switch is 
malfunctioning. 

6. If flashing rate is still extremely slow, 
check chassis wiring harness from 
connector to light sockets for high 
resistance. 


6. Locate and repair as required. Refer 
to ELECTRICAL (SEC. 8). 
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DIAGNOSIS OF STEERING COLUMN (CONT.) 


Hazard Signal 1. Blown fuse. 

Lights Will Not 2. Inoperative hazard warning flasher. 
Flash — Turn Loose chassis to column connection. 
Signal Functions 
Normally 


Replace fuse and check operation. 
Replace hazard warning flasher. 
Connect securely and check 
operation. 

4. Replace turn signal switch as 

_ explained later in this section. 


On > 


4. Disconnect column to chassis 
connector. Connect new switch into 
system without removing old. 
Depress hazard warning button and 
observe hazard warning lights. If 
they now work normally, turn signal 
switch is malfunctioning. 

5. If the lights do not flash, check wiring 

harness for open between hazard 

flasher and connector. 


5. Repair open if required. Refer to 
ELECTRICAL (SEC. 8) for additional 
information. 
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ON-VEHICLE SERVICE 


INSPECTION 


SHIFTER SHAFT 

Separation of the shifter shaft sections will be internal 
and cannot be visually identified. Hold the lower end of 
the shifter shaft, pull the shift lever toward the rear of 
the vehicle and move it through its ranges and up and 
down. If there is little or no movement of the shifter 
shaft, the plastic joints are sheared. 


STEERING SHAFT 

If the steering shaft plastic pins have been sheared, 
the shaft will rattle when struck lightly from the side and 
some lash may be felt when rotating the steering wheel 
while holding the rag joint. If the steering shaft pins are 
sheared due to a minor collision without serious 
damage to the other components, the vehicle can be 
safely steered; however, steering shaft replacement is 
recommended. 


COLUMN JACKET 
Inspect the jacket section of the column for 
looseness, and/or bends. 


COLUMN SUPPORT BRACKET 

Damage in this area will be indicated by separation 
of the mounting capsules from the bracket. The bracket 
will have moved forward toward the entire compartment 
and will usually result in collapsing of the jacket section 
of the steering column. 


STEERING COLUMN FOR ACCIDENT DAMAGE 


NOTICE: Vehicles involved in accidents resulting 
in frame damage, major body or sheet metal 
damage, or where the steering column has been 
impacted may also have a damaged or 
misaligned steering column. 


[I$ ]inspect (Figures 1 through 3) 


1. Capsules on steering column bracket assembly. 
Capsules must be within 1.59 mm (1 1/16-inch) 
from bottom of slots (figure 1). If not, bracket 
should be replaced. 

2. Contact surface (figure 1). Bolthead must not 
contact surface "B" or shear load will be increased. 
If contact is made, replace bracket. 

3. Shift lever operation. If shift lever is able to move 
to "Park" position without raising lever, upper shift 
tube plastic bearing is broken. 


A. Capsules must be within 1.59mm (1/16-inch) 
from bottom of slots. If not, replace bracket 
assembly. 


. The bolt head must not contact surface "B." 
If contact is made, the capsule shear load 
will be increased - replace bracket. 5 57930 


Figure 1 — Steering Column Collapse Inspection-A 


F-01514 


Figure 2 — Steering Column Collapse Inspection-B 
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K. Inspect for sheared injected plastic in the 
shift tube. 

L. Inspect for sheared injected plastic in the 
steering shaft. 


B-07382 


Figure 3 — Steering Column Collapse Inspection-C 


4. Jacket collapse. 


Measure jacket collapse 
dimensions, depending on vehicle and steering 
column, in either of the following ways (figure 2): 
@ Measure from cut out to lower edge of upper 

jacket. 
@ Measure from collar on toe plate flange to lower 
edge of upper jacket. 

lf jacket dimensions are not within specifications, a 


new jacket must be installed. 


e Examine for sheared injected plastic in shift 
tube, and steering shaft (figure 3). If either one 
or both are sheared, replace with new parts. 

5. Any frame damage that could cause a bent 
steering shaft must have steering shaft runout 
checked in the following manner: Remove 
intermediate shaft. Hold a ruler against lower end 
of steering shaft and have steering wheel rotated, 
Runout must not exceed 1.59mm (1/16 inch). A 
dial indicator may be used instead of a ruler. 


STEERING WHEEL REPLACEMENT 


[++]Remove or Disconnect (Figure 4) 


ONnN= 


Tools Required: 
J 1859-03 Steering Wheel Puller 


Battery ground cable. 

Horn button cap. 

Retainer and steering wheel nut. 

@ Mark relationship of steering wheel to steering 
shaft. 

Steering wheel. Use J 1859-03. Do not hammer 

on puller, or damage could result to steering 

column. 


a es 


Install or Co::::ect (Figure 5) 


@ Turn signal Control assembly must be in “neutral* 
position whe:: «ssembling steering wheel. 
1. Steering whs<! onto steering shaft. Align marks 
made during “eroval. 


[2 ]important 


@ Do not mise’: steering wheel more than 20 mm 
(3/4-inch) fre:n “orizontal centerline. 
@ Feed horn lz=i ‘hrough steering wheel. 


NOTICE: For .<;> 3 see "Notice" on page 3F-1 
in this section. 


2. Steering whe =! :ut. 


J 1859-03~_ / 7 


Figure 4 — Removing Steering Wheel 


A. 90 Degrees 


B. 20.0 mm (C.°9-inch) Allowed 
C. Horizontal Center Line 


F-02945 
Figure 5 — + lignment of Steering Wheel 
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[2] Tighten 1. Upper pinch bolt (2). 
2. Lower pinch bolt (3). 
@ Nut to 40 Nm (30 ft. Ibs.). 3. Intermediate shaft (12). 
3. Retainer. Install or Connect (Figure 6) 
4. Horn button cap. - 
5. Battery ground cable. 1. Intermediate shaft (12). 
INTERMEDIATE SHAFT [ 2 ]important 
REPLACEMENT @ Align marks made during removal. 
Remove or Disconnect (Figure 6) 2. Lower pinch bolt (3). 


3. Upper pinch bolt (2). 
e Set front wheels in straight ahead position. PPer PO (2) 


e Mark upper clamp (1) to steering shaft (11) [a] Tighten 
alignment. 
@ Mark lower clamp (13) to gear shaft alignment. e Pinch bolts to 36 N'm (27 ft. Ibs.). 


. Upper Clamp 

. Upper Pinch Bolt 
Lower Pinch Bolt 
Return Port 
Adjuster Screw 
Jam Nut 

. Steering Gear 

. Flat Washer 

. Mounting Bolt 

. Feed Port 

. Steering Shaft 

. Intermediate Shaft 
. Lower Clamp 


as 
COMNOMAWN= 


— 
On 


Figure 6 — Intermediate Shaft 
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STEERING COLUMN REPLACEMENT 


[++]Remove or Disconnect (Figures 6 and 7) 


1. Battery ground cable. 
2. Transmission control linkage from column shift 
tube levers, 


3. Upper pinch bolt (2) from upper clamp (1). 


[2 ]important 


@ Mark relationship of upper clamp (1) to steering 
shaft (11). 


- 


Steering wheel as explained previously in this 
section. 

. Shift indicator cable from column. 

. Bolts (21) and nuts (19). 

. Steering column harness connectors. 

@ Disconnect neutral start switch, ignition switch, 
wiper/washer switch, headlamp dimmer switch 
and turn signal switch connectors. 

8. Steering column assembly (16). 


Important 


® Rotate steering column (16) so shift lever clears 
dash panel opening. 


\~N Oo U1 


9. Bolt (18) and steering column support (20) (if 
necessary). 


Install or Connect (Figures 6 and 7) 


NOTICE: For steps 1, 3, 4 and 5 see Notice on 
Page 3F-1 in this section. 


1. Steering column support (20) with bolt (18). 


[QJ Tighten 


@ Bolts to 24 Nm (18 ft. Ibs.). 


2. Steering column assembly (16). 


Important 


e Rotate steering column (16) so shift lever clears 
dash panel opening. 
® Guide steering shaft into the upper clamp (1) 
marks made during removal. 
3. Upper pinch bolt (2). Pinch bolt must pass 
through shaft undercut. 


. Steering Column 


16. Steering Column Support 

17. Push Nut 21. Bolts 

18. Bolt 22. Seal 

19. Nut 23. Brake Pedal Bracket 


F-10080 
Figure 7 — Steering Column Installation 


[A] tighten 


@ Upper pinch bolt to 36 Nm (27 ft. Ibs.). 


4. Bolts (21) through cover and seal (22) to dash 
panel. 


5. Nut (19) onto studs (15). 


[A] tighten 


@ Bolts (21) to 14 Nm (10 ft. Ibs.). 
@ Nut (19) to 27 N'm (20 ft. Ibs.). 


6. Connectors to steering column harness. 
@ Connect neutral start switch, ignition switch, 
wiper washer switch, headlamp dimmer switch, 
and turn signal switch connectors. 


7. Steering wheel as explained previously in this 
section. 


Shift indicator cable. 


8, 
[adjust 


e@ Shift indicator as necessary. 
9. Transmission control linkage. 
10. Battery ground cable. 
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TURN SIGNAL SWITCH 9. Turn signal switch assembly. a . 
e Carefull I itch, wire assem an 
REPLACEMENT sormaciat gf apis li wire attached) 


through column. 


Important 


Remove or Disconnect (Figures 8, 9, and 10) 


Tools Required: 


J 23653-A Lockplate Compressor @ Do not pull mechanics wire all the way through 
: ‘ , ; : column. 
ts Steering wheel as explained previously in this e Leave excess mechanics wire hanging from 
rite tee , bottom of column. Disconnect switch connector 
6, Eeonpiete Tilt Gower. from mechanics wire on top side of column. 


@ Position a screwdriver blade into steering shaft 
lockplate cover slot. Pry up and out to free 
cover from lockplate. 

e@ Screw center post of J 23653-A onto steering 
shaft as far as it will go. Compress lockplate by 
turning center post nut clockwise. Pry retaining 
ring out of shaft (figure 8). Remove J 23653-A. 


Figure 8 — Removing Retaining Ring 


Important 


@ If column is being disassembled on a bench, shaft 
could slide out end of mast jacket when snap ring 
is removed. 


3. Lockplate, upper bearing preload spring and Figure 10 — Installing Retaining Ring 
canceling cam. 


4. Turn signal lever screw and lever. 
5. Turn signal switch mounting screws. Install or Connect (Figure 11) 
6. Bolt (18), nuts (19) and steering column support 
' ae Rea ca Tools Required: 
SACI WIFI TRI SCENE, J-23653-A Lockplate Compressor 
8. Switch connector from bracket on column jacket. F i" 
NOTICE: For step 4 see "Notice" on page 3F-1 
Important in this section. 
e Connect a piece of mechanics wire or similar item NOTICE: The use of overlength screws could 
on turn signal switch connector. prevent a portion of the assembly from 


e@ Place transmission selector lever in "LOW" gear. compressing under impact. 
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@ \t is not necessary to completely remove turn 
signal switch from column. Pull switch rearward 
far enough to slip it over end of shaft. Do not 


1. Turn signal switch assembly. 


[2 ]important 


e Connect mechanics wire on connector. 

e Feed connector and harness down through 
column housing. 

e@ Remove mechanics wire from connector. 


2. Switch connector on bracket of column jacket. 

3. Column wiring harness shield. 

4. Steering column support (20) with nuts (19) and 
bolt (18). 


[A] Tighten 


@ Bolt to 24 Nm (18 ft. Ibs.). 
@ Nuts to 27 Nm (20 ft. Ibs.). 


5. Turn signal mounting screws. 


[A] Tighten 


@ Screws to 2.8 Nm (25 in. Ibs.). 


6. Turn signal lever and screw. 

@ Put turn signal switch in "Neutral" position. 

7. Upper bearing preload spring and canceling cam 
onto upper end of shaft. 
8. Lockplate onto end of shaft. 

@ Screw center post of J 23653-A onto steering 
shaft as far as it will go. Place a NEW retaining 
ring over center post. Place the "C* bar over 
center post and then compress lockplate by 
turning nut clockwise. Slide new retaining ring 
down tapered center post and into shaft groove 
(figure 10). Remove J 23653-A. 

9. Cover on lockplate and snap into position. 
10. Steering wheels as explained previously in this 
section. 


IGNITION LOCK CYLINDER 
REPLACEMENT 


Remove or Disconnect (Figure 11 and 12) 


@ Place the lock cylinder in the "Run" position. 
1. Steering wheel as explained previously in this 
section. 
2. Turn signal switch as explained previously in this 
section. 


pull harness out of column. 
3. Ignition lock cylinder. 


[2 ]important 


@ Insert a small pick tool in area shown to depress 
spring lock tab (24) and pull lock cylinder (25) 
from column. 


A. Insert a small pick tool into hole 
and depress spring lock tab. 


F-10082 


. Hold the lock cylinder sleeve and 

rotate the key clockwise against 
the stop. 

24. Spring Lock Tab 

25. Ignition Lock Cylinder 


F-10081 
Figure 12 — Installing Ignition Lock Cylinder 
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Install or Connect (Figure 12) Remove or Disconnect 
1. Ignition lock cylinder (25). [ 2 ]important 
@ Align cylinder key with keyway in housing. 
Rotate as shown in figure 12. e@ Put ignition switch in "LOCK" position. 
@ Push lock all the way in. e If lock cylinder was removed, actuating rod to 
@ A "click" will be heard when lock cylinder is fully switch should be pulled up until there is a definite 
engaged. stop, then moved down one detent, which is 
2. Turn signal switch as explained previously in this "LOCK" position. 
section. 
3. Steering wheel as explained previously in this 1. Two ignition switch screws. 
section. 2. Ignition switch assembly. 


IGNITION SWITCH REPLACEMENT Install or Connect (Figure 13) 


gai eo @ Put ignition switch in "LOCK" position. 

The ignition switch is mounted on top of the column 1. Activating rod into ignition switch. 
jacket near the front of the dash. For anti-theft reasons, 2. Ignition switch and screws to column. 
the switch is located inside the channel section of the 
brake pedal support. 

The switch is actuated by a rod and rack assembly. 
A portion of the rack is toothed and engages a gear on 
the end of the lock cylinder. This enables the rod and 
rack to be moved axially (with respect to column) to 
actuate the switch when the lock cylinder is rotated. 


A. Switch In The Lock Position 
Figure 13 — Ignition Switch Assembly 
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SPECIFICATIONS 

N'm 
Turn Signal Switch Attaching ScrewS ...... eee seen eens 2.8 
Steering Wheel Nut ..... cece ee eee eee ener e erences 40 
Upper Intermediate Shaft Pinch Bolt .........eee eee eeeee 36 
Lower Intermediate Shaft Pinch Bolt ........ceeeeeeeeees 36 
Steering Column Support Bracket BoltS ........eeeeeeees + 24 
Steering Column Support Bracket NutS .......0eeeeeeeee 27 
Steering Column to Dash Panel Bolts ........eeeeeeeeees 14 


J 1859-03 


} alr 


1. Steering Wheel Puller 
2. Lockplate Compressor 


Ft. Lbs. 


In. Lbs. 
25 


te ee STD STRG COL UNIT REPAIR (COL SHFT) 3F1A-1 
SECTION 3F1A 


STANDARD STEERING COLUMN 
COLUMN SHIFT 
UNIT REPAIR 


CAUTION: Before removing any electrical units, disconnect negative battery cable to help 
prevent personal Injuries and/or. damage to vehicle components. 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 


parts or system damage could result. 


CONTENTS 


Steering Columiti, Parts ....cccsscasvesseccssvercesans 3F1A-2 
Sub Section A - Upper Column ............... 3F1A-4 
Steering Shaft Lock 
Tum Signal Cancelling Cam Asm 
Upper Bearing Spring 
Thrust Washer 
Steering Col Lock Cylinder Set 
Sub Section B - Housing Cover ............... 3F1A-5 
Steering Shaft Assembly 
Tum Signal Switch Assembly 
Steering Col Housing Assembly 
Pivot & (2 Spd) Switch Assembly 
Spring & Bolt Assembly 
Bearing Assembly 
Switch Actuator Sector 


Ignition Switch Actuator Assembly 
Dimmer Switch Assembly 
Ignition Switch Assembly 
Ignition Switch Adjustment 
Dimmer Switch Adjustment 

Sub Section C - Lower Column .............. 3F1A-9 
Lower Bearing Adapter 
Bearing Assembly 
Gearshift Lever Bowl Assembly 
Shift Tube Assembly 
Bowl Lower Bearing 


PECIGCHE DAMAGE svessisiamorscuscrccavtcevsascoinnesee 3F1A-10 
BODETICAIIOUE snunciinninnetenainennedinchizsentias 3F1A-10 
PAStOTIRE "TOTOR snceccisnsnanevinnvsanennaticcue: 3F1A-10 
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Figure 1 - STANDARD STEERING COLUMN 
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1-NUT, HEXAGON JAM (M14x1.5) 
2-COVER, SHAFT LOCK 
3-RING, RETAINING 
4-LOCK, STEERING SHAFT 
5-CAM ASM, TURN SIG CANCELLING 
6-SPRING, UPPER BEARING 
7-SCREW, BIND HD CROSS RECESS 
8-SCREW, RD WASH HD (M4.2x1.41) 
9-ARM, SWITCH ACTUATOR 
10-SWITCH ASM, TURN SIGNAL 
11-SCREW, HEX WASHER HD TAPPING 
12-WASHER, THRUST © 
15-HOUSING ASM, STEERING COLUMN 
16-SECTOR, SWITCH ACTUATOR 
18-GATE, SHIFT LEVER 
19-SPRING, RACK PRELOAD 
20-ACTUATOR ASM, IGNITION SWITCH 
21-WASHER, SPRING THRUST 
22-BOLT ASSEMBLY, SPRING & 
23-BUSHING, BEARING RETAINING 
24-RETAINER, UPPER BEARING 
25-CONTACT, HORN CIRCUIT 
26-BEARING ASM 
27-SCREW, FLT HD CROSS RECESS - 
28-PIN, SWITCH ACTUATOR PIVOT 
29-SWITCH ASM, PIVOT & (2 SPD) 
31-SCREW, BINDING HD CROSS RECESS 
32-COVER, HOUSING 
33-PROTECTOR, WIRING 
39-RING, RETAINING 
40-SHAFT ASM, STEERING 
41-SPRING, SHIFT LEVER 

“42-BOWL ASM, GEARSHIFT LEVER ~ 
43-SHROUD, GEARSHIFT BOWL 
44-BEARING, BOWL LOWER 
45-JACKET ASM, STRG COL 
46-SWITCH ASM, IGNITION 
47-SCREW, FLT HD (#10-24 x .31) 
48-SCREW, HEX WASHER HD TAPPING 
49-SWITCH ASM, DIMMER 
50-SCREW, WASHER HD (#10-24 x .25) 
51-ROD, DIMMER SWITCH ACTUATOR 
52-TUBE ASM, SHIFT 
53-WASHER, SPRING THRUST 
54-SPRING, SHIFT TUBE RETURN 
55-ADAPTER, LOWER BEARING 
56-BEARING ASM 
57-RETAINER, BEARING ADAPTER 
58-CLIP, LOWER BEARING ADAPTER 


Service Kits 


201-HSG ASM SERV SET, STRG COL 
-INCLUDES: 15,16,23,24,26 

202-RACK SERV ASM, SW ACTR ROD & 
-INCLUDES:’20 

203-SECTOR SERV KIT, IGN SW ACTR 
-INCLUDES: 16 

204-GREASE SERV KIT, (SYNTHETIC) 


Figure 2 - STANDARD STEERING COLUMN - Legend 
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SUB SECTION A - UPPER COLUMN 
(Figures 1 thru 5) 


INCLUDES: 
STEERING SHAFT LOCK 
TURN SIGNAL CANCELLING CAM ASM 
UPPER BEARING SPRING 
THRUST WASHER 
STRG COLUMN LOCK CYLINDER SET 


Tools Required: 
J 23653-C Lock Plate Compressor 


Important 


* Before doing any service procedures in this section, 
removal of Steering Wheel is needed. Refer to 
service procedures in Section 3F. 


Remove or Disconnect 


1. Negative (-) battery cable. 
2. Shaft lock cover (2). 
3. Shaft lock retaining ring (3) using J 23653-C to 
push down steering shaft lock (4). 
e Dispose of ring (3). 
4. Shaft lock (4) from steering shaft assembly (40). 


EXTRA 
RETAINING 
RINGS 


J 23653-C 


3 RING, RETAINING 
4 LOCK, STEERING SHAFT 


Figure 3 - Removing Shaft Lock Retaining Ring 


5. Tum signal cancelling cam assembly (5). 
6. Upper bearing spring (6). 
7. Thrust washer (12). eesti 
8. Tum signal to "RIGHT TURN" position (up). 

9. Multi-function lever and hazard knob assembly. (See 

i F. 
10. echer rae screw (8) and switch actuator arm (9). 
ll. Three cross recess screws (7). 
12, Tum signal switch assembly (10). 
e Let switch hang freely. ~ _ 

If removal of tum signal switch is needed, refer 


Sub Section B. — 
13. ee column lock cylinder set. 


4 LOCK, SHAFT 

5 CAM ASM, TURN SIG CANCELLING 
6 SPRING, UPPER BEARING 

12 WASHER, THRUST 


7 SCREW, BINDING HD CROSS RECESS 
8 SCREW, RD WASH HD (M4.2X1.41) 
9 ARM, ACTUATOR SWITCH 

10 SWITCH ASM, TURN SIGNAL 


Figure 5 - Turn Signal Switch Removal Preparation 


Install or Connect 


NOTICE: See “Notice” on page 3F1A-1 of this section. 

NOTICE: Ensure all fasteners are securely seated before 

applying needed torque. Failure to do may result in 

component damage or malfunctioning of steering column. 
1. Steering column lock cylinder set. 


2. Turn signal switch assembly (10) and three screws 
(7). 


By Tighten 


¢ Tighten screws (7) to 3.4 N-m (30 lb.in.). 


3. Switch actuator arm (9) and screw (8). 


[Al Tighten . 


e Tighten screw (8) to 2.3 N-m (20 Ib.in.). 
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Hazard knob assembly and multi-function lever. (See 
Section 3F.) 
Thrust washer (12). 
Upper bearing spring (6). 
Tur signal cancelling cam assembly (5). 
¢ Lubricate with grease, synthetic (service kit). 


aA 


Shaft lock (4). 
New shaft lock retaining ring (3) using J 23653-C to 
push down shaft lock (4). . 
e Ring (3) must be firmly seated in groove on 
shaft. 
10. Shaft lock cover (2). 


© 90 


NOTICE: Gently pull lower tum signal wires to remove 
any wire kinks that may be inside steering column 
assembly. Failure to do so may cause damage to wire 
harness. 


11. Negative (-) battery cable. 
12. Refer to Section 3F to complete remaining steering 
column assembly. 


SUB SECTION B - HOUSING COVER 


INCLUDES: 
STEERING SHAFT ASSEMBLY 
TURN SIGNAL SWITCH ASSEMBLY 
STRG COL HOUSING ASSEMBLY 
PIVOT & (2 SPD) SWITCH ASSEMBLY 
SPRING & BOLT ASSEMBLY 
BEARING ASSEMBLY 
SWITCH ACTUATOR SECTOR 
IGNITION SWITCH ACTUATOR ASM 
DIMMER SWITCH ASSEMBLY 
IGNITION SWITCH ASSEMBLY 
IGNITION SWITCH ADJUSTMENT 
DIMMER SWITCH ADJUSTMENT 


Tools Required: 
J 23653-C Lock Plate Compressor 


Important 


* Before doing any service procedures in this section, 
removal of Steering Wheel is needed. Refer to 
service procedures in Section 3F. 


Remove or Disconnect 
(Figures 1, 6 thru 12, 17) 


1. Negative (-) battery cable. 
2. Steering column from vehicle. (See Section 3F.) 


NOTICE: Once steering column is removed from 
vehicle, the column is extremely susceptible to damage. 
Dropping steering column assembly on its end could 
collapse steering shaft or loosen plastic injections which 
maintain column rigidity. Leaning on steering column 
assembly could cause jacket to bend or deform. Any of 
the above damage could impair steering column’s 
collapsible design. If it is necessary to remove steering 
wheel, use only the specified steering wheel puller. 
Under no conditions should the end of shaft be hammered 
on as hammering could loosen plastic injections which 
maintain steering column rigidity. 


Inspect 


e Steering column for accident damage (figure 
17). 


3. Do all steps, "Remove or Disconnect", Sub Section 


A. 
4. Steering shaft assembly (40). 
e Retaining ring (39) from shaft (40). 


Inspect 


e Steering column shaft assembly (40) for 


accident damage (figure 17). 


TURN SIGNAL 
SWITCH CONNECTOR 


10 SWITCH ASM, TURN SIGNAL 
33 PROTECTOR, WIRING 


Figure 6 - Removing Turn Signal Switch 


5. Four Support bolts. 
6. Steering column Support bracket assembly. 
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Important 


e Remove only those components necessary to do 
repairs. 


Disassemble 


Steering Column Housing Assembly 


ve pate se pee een one 31) a) Two flat head cross recess screws (27). 
48 SCREW, HEX WASHER HD TAPPING b) Shift lever gate (18). 

49 SWITCH ASM, DIMMER 

50 SCREW, WASHER HD (#10-24X.25) 


51 ROD, DIMMER SWITCH ACTUATOR 
15 HOUSING ASM, STEERING COLUMN 


Figure 7 - Removing Dimmer & Ignition Switch 16 SECTOR, SWITCH ACTUATOR 
19 SPRING, RACK PRELOAD 


20 ACTUATOR ASM, IGNITION SWITCH 
21 WASHER, SPRING THRUST 

22 BOLT ASSEMBLY, SPRING & 

27 SCREW, FLT HD CROSS RECESS 


11 SCREW, HEX WASHER HD TAPPING 


15 HOUSING ASM, STEERING COLUMN 
24 RETAINER, UPPER BEARING 

42 BOWL ASM, GEARSHIFT LEVER 
43 SHROUD, GEARSHIFT BOWL Figure 9 - Removing Switch Actuator Assembly 
With Spring & Bolt Assembly 


Figure 8 - Removing Steering Column Housing Assembly 


c) Ignition switch actuator assembly (20) with 
spring & bolt assembly (22). 
7. Wiring protector (33). * Spring & bolt assembly (22) from 
switch actuator assembly (20). 


8. Turn signal switch assembly (10). 
9. Washer head screw (50). ¢ Spring thrust washer (21) from spring 


10. Hex washer head tapping screw (48). & bolt assembly (22). 

11. Dimmer switch assembly (49). d) Switch actuator sector (16). 

12, Dimmer switch actuator rod (51). e) Rack preload spring (19). 

13. Flat head screw (47). f) Binding head cross recess screw (31). 

14. Ignition switch assembly (46). g) Housing cover (32). _ 

15. Four hex washer head tapping screws (11). h) Switch actuator pivot pin (28). 

16. Steering column housing assembly (15) from ¢ Pivot & (2 Spd) switch assembly (29). 


earshift lever bowl assembly (42) and gearshift i) Bearing retaining bushing (23). 
bowl shroud (43). ¢ Hom circuit contact (25). 
© Upper bearing retainer (24). j) Bearing assembly (26). 
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15 HOUSING ASM, STEERING COLUMN 
28 PIN, SWITCH ACTUATOR PIVOT 
29 SWITCH ASM, PIVOT & (2 SPD) 


3! SCREW, BINDING HD CROSS RECESS 
32 COVER, HOUSING 


Figure 10 - Removing Pivot & (2 Spd) Switch Assembly 


15 HOUSING ASM, STEERING COLUMN 


23 BUSHING, BEARING can) gil 
25 38 si 
am 


oI 15 


25 CONTACT, HORN CIRCUIT 
26 BEARING ASM 


Figure 11 - Removing Bearing Retaining Bushing 
and Bearing Assembly 


Assemble 


Steering Column Housing Assembly 


a) Bearing assembly (26). 

b) Horn circuit contact 

- bushing (24). 

c) Bearing retaining bushing (23). : 

d) Pivot & (2 Spd) switch assembly (29) with 
switch actuator pivot pin (28). 


[2] Tighten 


¢ Tighten pin (28) to 3.1 N-m (27 Ib.in.). 


(25) to retaining 


e) Housing cover (32). 
f) Cross recess screw (31). 


[Al Tighten 
© Tighten screw (31) to 1.9 N-m (17 Ib.in.). 


g) Rack preload spring (19). 
h) Switch actuator sector (16). 


e Spring thrust washer (21) to spring & 
bolt assembly (22). 

e Spring & bolt assembly (22) to switch 
actuator assembly (20). 

h) Spring & bolt assembly (22) with switch 
actuator assembly (20) to housing assembly 
(15). 

i) su lever gate (18). 

j) Two cross recess screws (27). 


By Tighten 


¢ Tighten screws (27) to 5.1 N-m (45 Ib.in.). 


FIRST TOOTH OF RACK 
TO FIRST AND SECOND 
TOOTH OF SECTOR 


BLOCK TOOTH OF SECTOR TO 
BLOCK TOOTH OF RACK 


16 SECTOR, SWITCH ACTUATOR 
20 ACTUATOR ASM, IGNITION SWITCH 


Figure 12 - Installing Switch Actuator Assembly to Sector 


NOTICE: First tooth of actuator assembly (20) must 
interact with first and second tooth of sector (16). With 
actuator assembly (20) fully inserted, block tooth of sector 
(16) will rest in block tooth of actuator (20). 


Install or Connect 
(Figures 1,13 and 14) 


NOTICE: See "Notice" on page 3F1A-1 of this section. 


NOTICE: Ensure all fasteners are securely seated before 
applying needed torque. Failure to do so may result in 
component damage or malfunctioning of steering column. 


1. Retaining ring (39) to shaft assembly (40). 
2. Shaft assembly (40) to jacket assembly (45). 
* Lubricate with lithium grease. 
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3. Tum signal switch (10) connector through column 
housing assembly (15). 
Upper bearing retainer (24). 
Lock housing cover assembly (15). 
Cover screws (11). 
e Tighten screws (11) in a clockwise order finger 
tight. 


FAX] mianten 


e Tighten screws (11) in same order to 5.3 N-m 
(47 Ib.in.). 


Dia > 


NOTICE: Install ignition switch (46) to jacket (45) with 
switch in "OFF-LOCK" position. (See figure 13.) New 
ignition switch will be pinned in "OFF-LOCK" position. 
Remove plastic pin after switch is assembled to column. 
Failure to do so may cause switch damage. 


MOVE SWITCH SLIDER TO EXTREME LEFT POSITION 
ceric SLIDER ONE DETENT TO THE RIGHT 


46 SWITCH ASM, IGNITION 


Figure 13 - Adjusting Ignition Switch 


Adjust 


e Ignition switch assembly (46). (See figure 13.) 
a) Move switch slider to extreme left position. 
b) Move switch slider one detent to right 
"OFF-LOCK" position. 


7. Ignition switch assembly (46) and flat head screw 


e Tighten screw (47) to 4.0 N-m (35 Ib.in.). 


8. Dimmer switch rod (51). 

9. Dimmer switch assembly (49) to rod (51). 

10. Washer head screw (50) and hex washer head screw 
(48). 
e Tighten finger tight. 


3/32” 
ORILL BIT 


49 SWITCH ASM, DIMMER 


Figure 14 - Adjusting Dimmer Switch 


Adjust 


¢ Dimmer switch (49). (See figure 14.) 
' a) Place a 3/32-inch drill bit in hole on switch 
to limit travel. 
b) Position switch on column and push against 
dimmer switch rod to remove all lash. 
c) Remove drill bit. 


[Al Tighten 


° Tighten screw (48) and screw (50) to 4.0 N-m 
(35 Ib.in.). 


11. Wiring protector (33). 


12. Steering column support bracket assembly. 
13. Four bolts. 


FA] tiotten 


¢ Tighten bolts to 30.0 N-m (22 Ib.ft.). 


14. Column to vehicle instrument panel. (See Section 3F 
to complete remaining steering column assembly.) 
15. Do all steps, "Install or Connect", Sub Section A. 
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SUB SECTION C 
(Figures 1, 15 thru 17) 


INCLUDES: 
LOWER BEARING ADAPTER 
BEARING ASSEMBLY 
GEARSHIFT LEVER BOWL ASM 
SHIFT TUBE ASSEMBLY 
BOWL LOWER BEARING 


Tools Required: 
J 23653-A Lock Plate Compressor 


Important 


¢ Before doing any service procedures in this section, 
removal of Inflator Module and Steering Wheel is 
required. (Refer to service procedures in Section 3F.) 


Remove or Disconnect 


NOTICE: If vehicle has been in an accident, remove 
column from vehicle and inspect for damage (figure 17). 


1. Do steps 1 thru 17, "Remove or Disconnect", Sub 
Section B. 


NOTICE: Once steering column is removed from 
vehicle, the column is extremely susceptible to damage. 
Dropping steering column assembly on its end could 
collapse steering shaft or loosen plastic injections which 
maintain column rigidity. Leaning on steering column 
assembly could cause jacket to bend or deform. Any of 
the above damage could impair steering column’s 
collapsible design. If it is necessary to remove steering 
wheel, use only the specified steering wheel puller. 
Under no conditions should the end of shaft be hammered 
on as hammering could loosen plastic injections which 
maintain steering column rigidity. 


2. Lower bearing adapter clip (58). 
3. Bearing adapter retainer (57). 
4. Lower bearing adapter (55) and bearing assembly 
(56). 
¢ Bearing (56) from adapter (55). 
Shift tube return spring (54). 
Spring thrust washer (53). ; 
Gearshift lever bowl assembly (42) and gearshift 
bowl shroud (43). 
¢ Shroud (43) from bowl (42). 
e Shift lever spring (41) from bowl (42). 
8. Shift tube assembly (52). 
9. Bowl lower bearing (44). 


oe 


45 JACKET ASM, STRG COL 

53 WASHER, SPRING THRUST 

54 SPRING, SHIFT TUBE RETURN 
55 ADAPTER, LOWER BEARING 

56 BEARING ASM 

57 RETAINER, BEARING ADAPTER 
58 CLIP, LOWER BEARING ADAPTER 


Figure 15 - Removing Lower Bearing Assembly 


- SPRING, SHIFT LEVER 

- BOWL, GEARSHIFT LEVER 
- SHROUD, GEARSHIFT BOWL 
- BEARING, BOWL LOWER 

- JACKET ASM, STRG COL 


Figure 16 - Removing Lower Bowl Bearing 


Install or Connect 


NOTICE: Ensure all fasteners are securely seated before 
applying required torque. Failure to do so may result in 
component damage or malfunctioning of steering column. 


Bowl lower bearing (44) to jacket assembly (45). 
Shift tube assembly (52). 
Shift lever spring (41) to bowl (42). 
Gearshift lever bowl (42) and shroud (43) to jacket 
assembly (45). 
Spring thrust washer (53). 
Shift tube return spring (54). 
Bearing (56) to adapter (55). 
* Lower bearing adapter (55) with bearing 
assembly (56). 
8. Bearing adapter retainer (57). 
9. Bearing adapter clip (58). 
0. Do all steps, "Install or Connect", Sub Section B. 


Pew SP e 
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CHECKING STEERING COLUMN FOR ACCIDENT DAMAGE 


NOTICE: Vehicles involved in accidents resulting in frame 
damage, major body or sheet metal damage, or where the 
steering column has been impacted may also have a damaged 
or misaligned steering column. 


CHECKING PROCEDURE 


JACKET ASM, STEERING COLUMN 

e Check capsules on steering column bracket assembly; all 
should be within 1.59mm from the bottom of the slots (View 
A). If not, bracket should be replaced if bracket is bolted to 
the jacket asm or the jacket asm should be replaced if 
bracket is welded to jacket asm. 

* Check contact surface "A" on capsules (View B). The bolt 


increased. If contact is made, replace bracket asm or jacket 


asm. 

* Check for jacket asm collapse by measuring the distance 
from the lower edge of upper jacket to a defined point on 
the lower jacket (View E). If measured dimensions are not 
within specifications, a new jacket must be installed. 

SHIFT TUBE ASM 

* Visually inspect shift tube for sheared injected plastic (View 
C). If shift tube shows sheared plastic, a new shift tube 
must be installed. 

* Check operation of shift lever. If you can move lever to 
"Park" position without raising lever, it is an indication that 
upper shift tube plastic bearing is broken. 

STEERING SHAFT ASM ; 

¢ Visually inspect steering shaft for sheared injected plastic 
(View D). If steering shaft shows sheared plastic, a new 
steering shaft must be installed. 

* Any frame damage that could cause a bent steering shaft 

must have steering shaft runout checked in the following 
manner: Using a dial indicator at lower end of steering 


shaft, have steering wheel rotated. Runout must not exceed 
1.59mm. 


head must not contact surface "A" or shear load would be- 


Capsules must be within 
1.5mm from bottom 

of slots; if not, 

replace bracket assembly 


The bolt head must not contact 
surface °A*. If contact is made, 
the capsule shear load will be 
increased - Replace bracket. 


Method to Determine Measure distance between arrows. 


Column Collapse 


103.45mm 
+2.00mm 


Figure 17 - Checking Steering Column for Accident Damage 


SPECIFICATIONS 

FASTENER TORQUES 
1 Steering Wheel-to-Shaft Nut............ CeECARE DO SHA RES s & ‘eewne . 41.0 N-m (30 Ib.ft.) 
7 Turn Signal Switch Connecting Screws............ eres Te eee we ‘ 3.4 N-m (30 Ib.in.) 
8 Tum Signal Switch Actuator Assembly Screw.......... errr $e bee e OS oh 2.3 N-m (20 Ib.in.) 
11. Lock Housing Cover Screwe 2 cs cscsscnrsessscsesseesuns coche es 4 5.3 N-m (47 lb.in.) 
27 Shift Lever Gate to Column Housing Screws... 1.2... e eee ence evceces 5.1 N-m (45 Ib.in.) 
28 Switch Actuator Pivot Pin........+-+++- Sse ewwe RO Oe ee OT ae oe 3.1 N-m (27 Ib.in.) 
31 Housing Cover to Column Housing SCvOWs us ca es cakeusne ee tee ee ee 1.9 N-m (17 Ib.in.) 
47 Lower Ignition Switch CE eee eee eee eee ee a ee reece eeeeeeeeee 40 Nm (35 Ib.in.) 
48 Lower Dimmer Switch Screw.......- weer errere rr eT re 4.0 N-m (35 Ib.in.) 
50 Upper Ignition & Dimmer Switch Screw....... ine ieee shee ewe wax ¢ 4.0 N-m (35 lb.in.) 
Support Bracket Bolts....- Terre r. oben ‘ Tee eT Te Tee ee 30.0 N-m (22 Ib.ft.) 
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J 23653-C 


| LOCK PLATE COMPRESSOR 


Figure 18 - Special Tools 
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BLANK 
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SECTION 4 


PROPELLER SHAFT AND 
REAR AXLE 


CONTENTS 
SUBJECT Page 
PRODRIOT SOME «howd a baw hh CONOR SERRHEENSETASR ER ESRC EON WA OEWRS ba RK ORE ELON Oe ORO 4A -1 
Rear Axle, On-Vehicle Service .......cccccccccccscscceces axa anata ay ei eke Sie NG's Stee ca peicadw jwiier ere 4B1 -1 
Meer Axis, Ui ROSA acd ns oc oc 0 685569 EOS shR ENED USER SRAR SCRE OTERO SHOR OOS ersiaa oie 4B - 1 


SECTION 4A 
PROPELLER SHAFT 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 
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DESCRIPTION 


PROPELLER SHAFT The propeller shaft is a balanced tubular-type (figure 
1). A splined slip joint is provided at the transmission 


Torque is transmitted from the transmission to the end of the driveline. 


rear axle through the propeller shaft and universal joint 
assemblies. 


4A - 2 PROPELLER SHAFT 
UNIVERSAL JOINT 


A universal joint is two Y-shaped yokes connected by 
a crossmember called a spider. The spider is shaped 
like a cross having arms of equal length called 
trunnions (figure 2). 

Universal joints are designed to handle the effects of 
various loadings and rear axle windup during 
acceleration. Within the designed angle variations the 
universal joint will operate efficiently and safely. When 
the design angle is changed or exceeded, the operation 
life of the joint may decrease.The trunnion bearings 
used in universal joints are the needle roller-type. The 
needle rollers are held in place on the trunnions by 

round bearing cups. The bearing cups are held in the 
yokes by injected plastic. 


1. Slip Yoke 
2. One-Piece Propeller Shaft 


Figure 1 — Propeller Shaft 


A. Cross or Spider 
B. Trunnion 
C. Yoke 


Figure 2 — Simple Universal Joint 


DIAGNOSIS OF DRIVELINE VIBRATION (ROAD TEST) 


Four major component groups are usually the cause 
of, or are related to vibration. When a technician is 
road testing a vehicle for vibration he must remember 
the four major component groups: 

1. Engine and mounts. 
2. Transmission. 
3. Tires, wheels and brake drums. 
4. Propeller shaft and universal joints. 
Before road testing a vehicle, check the following: 
e@ In or out of phase propeller shaft. 
@ All fasteners for tightness at universal joints, wheel 
lugs and engine mounts. 
® Tire air pressure. 
@ Load conditions. 


RO . . 
ntiadle should road test the vehicle to diagnose 


exactly what the complaint is. Record et ang 


rpm at which the greatest vibration occurs. The 


vibration is likely to be in 
wheel or in the seat botto! El 
helpful in locating the vibration 

aft. 


two places, in the steering 
m. The road test can be 
rce either forward or 


COAST TEST 

Drive the vehicle past the vibration speed, shift into 
"NEUTRAL" and coast back through the vibration speed. 
In this test two kinds of vibration normally occur; a 
shaking or a buzzing. A shaking vibration is usually 
tires or a wheel and brake drum/disc assembly 


problem. A buzzing vibration is usually a driveline 
problem. 
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DIAGNOSIS OF THE PROPELLER SHAFT AND 
UNIVERSAL JOINT 


PROBLEM POSSIBLE CAUSE CORRECTION 


Leak At The Front 
Slip Yoke (An 
Occasional Drop 
Of Lubricant 
Leaking From 
Splined Yoke Is 
Normal And 
Requires No 
Attention) 


Universal Joint 
Noise 


Ping, Snap, Or 
Click In Drive 
Line (Usually 
Heard On Initlal 
Load After 
Transmission Is 
In Gear; Forward 
Or Reverse) 


Knocking Or 
Clunking Nolse In 
Driveline When 
Operating Vehicle 
In A Floating 
Condition In High 
Or Neutral Gear 
At 10 MPH (16 
km/h) 


Roughness Or 
Vibration 


1. 


Rough surface on splined yoke; 
burred, nicked or worn. 


Faulty transmission rear oil seal. 


Worn universal joint bearings. 
Improper lubrication. 
Loose flange bolts. 


‘Loose bushing bolts on rear springs 


or upper and lower control arms. 
Loose or out of phase companion 
flange. 


Worn or damaged universal joint. 


Side gear hub counterbore in the 
differential is worn oversize. 


Bent or denied propeller shaft. 
Undercoating on propeller shaft. 
Tire unbalance, 30-80 mph (48-129 
km/h). Not throttle conscious. 
Tight universal joints. 


Worn universal joints. 


Replace seal. Minor burrs can be 
smoothed by careful use of crocus 
cloth or fine stone honing. Replace 
yoke if badly burred. 

Replace transmission rear oil seal 
and replenish transmission oil. 


Replace. 

Lubricate as directed. 

Tighten to "Specifications" at the end 
of this section. 


Tighten bolts to "Specifications" at 
the end of this section. 

Remove companion flange, turn 180 
degrees from its original position, 
lubricate splines and install. Tighten 
bolts and pinion nut to 
"Specifications" at the end of this 
section. 


Replace worn or damaged universal 
joint. 

Replace differential case and/or 
sidegears. 


Replace propeller shaft. 
Clean propeller shaft. 
Balance or replace as required. 


Impact yokes with a shaft hammer to 
free up. If unable to free up or if 
joint feels rough when rotated, 
replace. 

Replace. 
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DIAGNOSIS OF THE PROPELLER SHAFT AND 
UNIVERSAL JOINT (CONT.) 


PROBLEM POSSIBLE CAUSE CORRECTION 


Roughness Or 6. Burrs or gouges on companion 6. Rework or replace companion 
Vibration (Cont.) ‘flange. Check snap ring locating flange. 
surfaces on flange yoke. 


7. Propeller shaft, parking brake drum | 7. Check for a missing balance weight 
or companion flange is unbalanced. on the propeller shaft. Rotate 
companion flange 180 degrees. 
8. Incorrect rear joint angle. Angle is 8. Check and correct trim height at 
usually too large when it is a factor. curb weight. Check and correct joint 
angle. 
9. Excessive looseness at slip spline. 9. Replace necessary parts. 


10. Distorted or damaged yokes or 10. Install new yokes or flanges. 
flanges. 


11. Yokes out of phase. 11. Remove companion flange, turn 180 


degrees from original position, 
lubricate splines and install. Tighten 
bolts to "Specifications" at the end of 
this section. 


12. Propeller shaft runout at 50 mph (80 | 12. Check propeller shaft runout at front 


km/h). Throttle conscious. and rear. Should be less than 
specified. If above, rotate propeller 
shaft 180 degrees and recheck. 


Replace propeller shaft if runout is 
still over specification. 


Scraping Noise 1. Slinger, companion flange, or end : 


yoke rubbing on rear axle or center 
bearing. 


Correct interference. 


Roughness 1. Tires unbalanced or worn. 1. Balance or replace as required. 
Above 35 MPH 


(56 km/h) Felt 
And/Or Heard 


Squeak 1. Lack of lubricant. 1. Lubricate joints and splines. Also 
check for worn or brinelled parts. - 
Shudder On 1. Loose or missing bolts at flanges. 


Acceleration (Low 
Speed) 2. Incorrectly set front joint angle. 


1. ° Replace or tighten bolts to specified 
torque. 
2. Shim under transmission support 


mount to change front joint angle. 
3. Worn universal joint. 3. Replace, 
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ON-VEHICLE SERVICE 


PROPELLER SHAFT 
BALANCE CHECK 


@ Raise vehicle on a frame contact hoist so wheels 


can spin. 
Remove or Disconnect 
1. Tire and wheel assemblies and brake drums. 


@ DO NOT APPLY BRAKE WITH DRUMS 
REMOVED. 


[[F] inspect 


@ Propeller shaft, universal joints and attachments 
for mud, undercoating or loose fasteners. 


Clean 


@ Propeller shaft, universal joints and attachments. 


[A] Tighten 


@ Any loose attachments or fasteners. 


Important 


e@ Run vehicle in gear at speed where disturbance 
peaks; observe intensity of disturbance. 
@ Stop engine. 


2. Propeller shaft. 
e Rotate propeller shaft 180 degrees from original 
position. 


Install or Connect 


1. Propeller shaft. 
@ Determine position which gives best balance. 


2. Rear drums, wheel and tire assemblies. 

e@ Determine position which gives best driveline 
response by road testing vehicle for a final check 
of propeller shaft balance. 

e@ Unacceptable balance, replace propeller shaft. 


[A] Tanten 


@ Wheel lug nuts to 128 Nm (95 ft. Ibs.). 


PROPELLER SHAFT 
RUNOUT CHECK 


Noise or vibration at high speed could be caused by 
a bent propeller shaft. The propeller shaft could have 
been damaged by rough handling or a collision. Check 
for propeller shaft straightness. 


1. Raise vehicle on a frame contact hoist so wheels 
can spin. 

2. Attach a dial indicator having a magnetic base to 
a smooth place on vehicle underbody. 

3. Take dial indicator readings at propeller shaft 
check points (figure 3). 


. One-Piece Propeller Shaft 
. Front Runout 

. Center Runout 

. Rear Runout 


PROPELLER 
SHAFT RUNOUT 
SPECIFICATIONS 


FRONT 
CHECK 


CENTER 
CHECK 


REAR 
CHECK 


[everece [ovo [oso | 055 


Figure 3 — Checking Propeller Shaft Runout 
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[ 2 ]important 


e Do not attach dial indicator base at a weld. 


4. With transmission in "Neutral", hand rotate axle 
pinion flange or transmission yoke and take 
necessary dial indicator readings on propeller 
shaft. Record readings. If runout exceeds 
specification, rotate propeller shaft 180 degrees at 
companion flange and install. Check runout. 

5. \f runout is still over specification at one or more 
check points, replace propeller shaft after 
checking for vibration or noise. Check runout on 
replacement propeller shaft. 

6. If new propeller shaft runout is over specification, 
check for a bent companion flange. 


PROPELLER SHAFT 
REPLACEMENT 


Remove or Disconnect (Figure 4) 


@ Raise vehicle on a hoist. 


@ Reference mark propeller shaft to pinion flange 
connection. 


4 . Bolts (9). 
Retainers (10). 


ee 


e Do not pound on original propeller shaft yoke 
ears, Injection joints may fracture. Never pry or 


place any tool between a yoke and a universal 
joint. 


2. One-Piece Propeller Shaft 
9. Bolt 
10. Retainer 


3. Yoke and cross assembly. 


@ Tape bearing cups to prevent loss of bearing 
rollers. 


4. Propeller shaft. 
@ Slide propeller shaft forward. 


e@ Lower propeller shaft and withdraw under rear 
axle. 


@ Do not allow universal joint to incline greatly; joint 
may fracture. 


Install or Connect (Figure 4) 


1. Propeller shaft into transmission. 
Lubricate slip joint. 


2. Yoke and cross assembly onto pinion flange. 
@ Align reference marks on pinion flange and 


propeller shaft rear yoke. Seat yoke properly. 
3. Retainer (10). 


NOTICE: See "Notice" on page 4A-1 of this 
section. 


4. Bolts (9). 


[A] Tighten 


@ Bolts (9) to 20 Nm (15 ft. Ibs.). 
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Figure 4 — One-Plece Propeller Shaft 
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UNIVERSAL JOINTS 


NYLON INJECTED RING TYPE 


NOTICE: NEVER CLAMP PROPELLER SHAFT 
TUBING IN A VISE. Clamping propeller shaft 
tubing in a vise could dent or deform the tube 
causing an imbalance or unsafe condition. 
Always clamp on one of the yokes and support 
the shaft horizontally. Avoid damaging the slip 
yoke sealing surface. Nicks may damage the 
bushing or cut the lip seal. 


Tools Required: 
J 9522-3 Universal Joint Bearing Spreader 
J 9522-5 Universal Joint Bearing Remover 
Spacer 


e@ Support propeller shaft in a line horizontal with 
table of a press. 

e@ Mark propeller shaft as to which end is 
transmission end and which end goes to rear axle. 

@ Position universal joint so that lower ear of yoke is 
supported on a 1-1/8 inch (80 mm) socket (figure 
5). 


CROSS PRESS 
J 9522-3 


1 1/8" (30mm) SOCKET 
TO SUPPORT YOKE 
EAR BUT MUST 
CLEAR BEARING CUP 


F-10308 
Figure 5 — Pressing Out Universal Joint 


e In order to shear plastic retaining ring on bearing 
cup, place J 9522-3 (cross press) on open 
horizontal bearing cups and press lower bearing 
cup out of yoke ear. If bearing cut is 


not completely removed, lift cross and insert tool J 
9522-5 (spacer) between seal and bearing cup being 
removed and continue to press it out of yoke (figure 6). 


(E ( A) YS \ 


4 
J 


SPACER 


TRUNNION 


BEARING 
CUP 
F-10309 
Figure 6 — Using Available Spacer 


e Rotate propeller shaft and press opposite bearing 
cup out of yoke. 


Disassemble 


1. Cross from yoke 
2. Remaining universal joint parts from yoke. 


@ If front universal joint is being replaced, remove 
bearing cups in slip yoke in same manner. 


[[*]inspect 


1. Retaining ring grooves for plastic. 
2. Bearing cup bores for burrs or imperfections. 


fig] Clean 


e@ Remains of sheared plastic bearing retainers from 
grooves in yoke. 

e Sheared plastic may prevent bearing cups from 
being pressed into place and thus prevent bearing 
retainers from being properly seated. 


Assemble 


" ( 
® Remove bearing cups from universal joint and use 
your finger to coat needle bearings in bearing cup 
with a thin layer of grease. 
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41. One bearing cup part way into one side of yoke 4. Bearing retainer in retainer groove (figure 9). 
(figure 7). e Continue to press until both retainers can be 
e@ Tum yoke ear towards bottom. snapped into place. 

e@ If difficulty in seating retainer is encountered, yoke 
can be sprung slightly with a firm blow from a 
dead blow hammer (figure 10). 

e@ Lubricate as necessary. 


Figure 7 — Partially Inserted Bearing Cup 


2. Cross into yoke so that trunnion seats freely into 
; F-10311 


bearing cup. 
e@ With trunnion seated in bearing cup press bearing Figure 8 — Aligning Trunnion Between Bearing 
cup into yoke until it is flush with yoke ear. Cups 


3. The opposite bearing cup part way into yoke ear. 

@ Make sure that trunnions are started straight and RETAINING RING 
true into both bearing cups. 

@ Press opposite bearing cup into yoke ear while 
working cross all the time to check for free 
unbinding movement of trunnions in bearing cups 
(figure 8). 

@ Press bearing cup into yoke until bearing retainer 
groove Clears inside of yoke. 


[2 ]important 


e If there seems to be a hang-up or binding, stop 


pressing, and check needle bearings for Figure 9 — Installing Retaining Ring 
misalignment in bearing cup. 


STRIKE TUBE YOKE 
EAR IN THIS AREA , 


F-10313 
Figure 10 — Seating Universal Joint Snap Ring 
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SPECIAL TOOLS 


Fi J 9522-3 2. Ga J 9522-5 


1. "U" Joint Bearing Separator 
2. "U" Joint Bearing Spacer Remover 
(Use with J 9522-3) 


SPECIFICATIONS 
, Nm Ft. Lbs. 
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SECTION 4B 
REAR AXLE, UNIT REPAIR 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 
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UNIT REPAIR OF REAR AXLE 


CHECKING AXLE [[®] inspect 
BEFORE DISASSEMBLY @ The case for metal chips and shavings. Determine 
where these chips and shavings come from, such 
@ Remove the axle cover and drain the axle lubricant as a broken gear or bearing cage. 


into a suitable container. 
e@ Determine the cause of the axle problem before 
[a] Measure disassembly if possible. 


e The ring gear backlash as explained under 
Backlash Adjustments in this section. This 
information can be used to determine the cause of 
the axle problem. It will also help when setting up 
the shim packs for locating and preloading the 
differential case. 
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DISASSEMBLY OF THE 
REAR AXLE 


[-3| Remove or Disconnect (Figures 1, 2, 3, 4, 
5, 6, 7, 8, 9 and 10) 
Tools Required: 
J 2619-01 Slide Hammer 
J 22813-01 Axle Bearing Puller 
J 8107-2 Differential Side Bearing Remover 
Plug 

J 22888 Side Bearing Remover 
J 8614-02 Pinion Flange Holder 
J 8614-02 Pinion Flange Remover 
J 25320 Rear Pinion Bearing Remover 

¢ Place the rear axle in a suitable support. 

1. The differential cover bolts (35) and the differential 

cover (34). 
¢ Drain the gear lubricant into a suitable contain- 

er. 
2 Pinion shaft lock bolt (30) (figure 2). 
3. Pinion shaft (29). 
4. ‘'C' lock (3) from the button end of the axle shaft 

(2). . 

* Push the axle shaft (2) in towards the center of 
the differential case (24). 
5. Axle shaft (2) from the axle housing. 
6. Oil seal (7) using an oil seal removal tool. 

¢ Be careful not to damage the housing. 

7. Bearing (8) using J 2619-01 and J 22813-01 (Fig- 

ure 3). 

¢ The tangs of the tool should engage the bear- 
ing outer race. 

8. Differential pinion and side gears (26). 

¢ Roll the pinion gears out of the case with the 
pinion thrust washers (27). 

* Remove the side gears and the side gear 
thrust washers (28). Mark the gears and the 
differential case as left and right. 

9. Differential bearing cap bolts (32). 
10. Differential bearing caps (31). 

e Mark the caps and the housing as left and 

right. 


NOTICE: Be careful when prying the differen- 
tial case out of the axle housing so as not to 
damage the cover gasket surface. The differ- 
ential case must be supported when it is 
being removed to prevent the case from fall- 
ing and damaging the case. 


11. Differential case (24). 
* Pry the case from the axle housing at the dif- 
ferential “window” (figure 6). 
12. Bearing outer races (22), shims (21), and spacers 
23). 
( e - the races and the shims as left and right, 
and place them with the bearing caps. 
13. Differential side bearings using J 8107-2 and 
J 22888 (figure 7). 
* The jaws of J 22888 must pull from beneath 
the bearing cone and not the cage. 
14. Ring gear bolts (25). 
¢ Ring gear bolts use left-handed threads. 


NOTICE: Do not pry the ring gear from the 
case. This will damage the ring gear and the 
differential case. 


15. Ring gear (20) from the differential. 


* Drive the ring gear off with a brass drift if nec- 
essary. 


Inspect 


* Drive pinion bearing preload (figure 8). 

* The pinion assembly for looseness by moving it 
back and forth. (Looseness indicates excessive 
bearing wear). 

16. Pinion flange nut (11) and washer (12) using 
J 8614-01 to hold the pinion flange (figure 4). 

17. Pinion flange using J 8614-02 (figure 5 ). 

18. Pinion (20) from the axle housing. 

* Thread the pinion nut halfway onto the pinion. 

* Replace the differential cover (34) with two 
bolts (35) to keep the pinion from falling to the 
floor. 

* Drive the pinion out of the housing with a ham- 
mer and a soft drift. 

* Remove the cover (34) and the pinion (20). 

19. Collapsible spacer (17) from the pinion (figure 9). 

20. Outer seal (14) and outer pinion bearing (15). 

21. Inner bearing (18) and shim (19) from the pinion. 

* Press the bearing off the pinion using J 25320 
(figure 10). 
* Remove the shim. 

22. Bearing cups (15) and (18) from the axle housing 
using a hammer and a punch in the slots provided 
for this purpose. 

* Work the cups out of the housing evenly, mov- 
ing the punch back and forth between one side 
of the cup and the other. 


CLEANING 


Do not steam clean drive parts having ground and 
polished surfaces such as gears, bearings, and shafts. 
These parts should be cleaned in a suitable solvent. All 
parts should be disassembled before cleaning. 

Parts should be thoroughly dried immediately after 
cleaning. Use soft, clean, lint free rags. Parts may be 
dried with compressed air. Do not allow the bearings to 
spin while drying them with compressed air. 


INSPECTION 


It is very important to carefully and thoroughly 
inspect all drive unit parts before reassembly. 

Thorough inspection of the drive parts for wear or 
stress and subsequent replacement of worn parts will 
eliminate costly drive component repair after reassem- 
bly. 


AXLE HOUSING 


Inspect 


* The carrier bore for nicks or burrs that would pre- 
vent the outer diameter of the pinion seal from 
sealing. Remove any burrs that are found. 


REAR AXLE, UNIT REPAIR 4B - 3 


32 
33 
34 
Brake Drum . Pinion and Ring Gear Set 


35 
Axle Shaft . Shims 
"C" Lock . Differential Side Bearing and Races 
Wheel Stud . Spacers 
Backing Plate Bolt . Differential Case 


Brake Assembly . Ring Gear Bolts 
. Axle Shaft Oil Seal . Differential Side Gears 


. Axle Shaft Bearing . Pinion Thrust Washers 
. Axle Housing . Side Gear Thrust Washers 
. Axle Air Vent Connector . Pinion Shaft 

. Pinion Flange Nut . Pinion Shaft Lock Bolt 
. Pinion Washer . Bearing Cap 

. Pinion Flange . Beating Cap Bolts 

. Pinion Oil Seal . Gasket 

. Pinion Outer Bearing and Cup . Differential Cover 

. Plug . Bolts 

. Collapsible Spacer . Anchor Pin Washer 

. Pinion Inner Bearing and Cup » Anchor Pin Nut 


. Shim 


OCONATAABNH 


F4673 
Figure 1 — Rear Axle Components se 
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2. Axle Shaft 
3. “C” Lock 
30. Pinion Shaft 
Lock Bolt 


Figure 7 — Removing Differential Side Bearings 
DIFFERENTIAL 
* The bearing cup bores for nicks or burrs. Remove 

any burrs that are found. Inspect 


* The housing for cracks. Replace the housing if any _ 
cracks are found. ¢ Pinion gear shaft for unusual wear. 


Figure 4 — Removing/Installing the Pinion Nut 


* The housing for foreign material such as metal * Pinion gear and side gear teeth for wear, cracks, 
chips, dirt, or rust. Refer to “Cleaning in this sec- scoring, and spalling. 
tion. ¢ Thrust washers for wear. 


* The fit of the differemiai side gears in hake differen- 
tial case. 
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. Inch Pound 
Torque Wrench 


.17. Collapsable Spacer 
20. Pinion 


A. The opening in 
the tool must 
be supported. 
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Figure 10 — Removing the Pinion Rear Bearing 


¢ The fit of the side gears on the axle shafts. 
¢ Differential case for cracks and scoring. 
¢ Replace all worn parts. 


PINION AND RING GEAR 


Inspect 


* Pinion and ring gear teeth for cracking, chipping, 
scoring, or excessive wear. 
* Pinion gear splines for wear. 


¢ Pinion flange splines for wear. 

* The fit of the pinion gear splines on the pinion 
flange. 

¢ The sealing surface of the pinion flange for nicks, 
burrs, or rough tool marks which would cause 
damage to the seals’ inside diameter and result in 
an oil leak. i 

¢ Replace all worn or broken parts. 

* Ring and pinion gears are matched sets and are 
both replaced any time a replacement of either is 
necessary. 


BEARINGS 


Inspect 


¢ Bearings visually and by feel. 

* The. bearings should feel smooth when oiled and 
rotated while applying as much hand pressure as 
possible. 

¢ The large end of the bearing rollers for wear. This 
is where tapered roller bearing wear is most evi- 
dent. 

¢ Bearing cups for wear, cracks, brinelling and scor- 
ing. 

¢ Bearings and cups are only replaced as sets. 

¢ If the rear axle was operated for an extended 
period of time with very loose bearings, the ring 
gear and drive pinion will also require replace- 
ment. 

« Low mileage bearings may have very small 
scratches and pits on the rollers and the bearing 
cups from the initial pre-load. Do not replace a 
bearing for this reason. 

¢ Bearing cups for cracks or chips. 


SHIMS 


Inspect i 


.* Shims for cracks and chips. Damaged shims 
should be replaced with an equally sized service 
shim. 


ASSEMBLY OF THE REAR AXLE 
Install or Connect (Figures 1, 11 and 12) 


Tools Required: 
J 7817 Front Pinion Bearing Cup Installer 
J 7818 Rear Pinion Bearing Cup Installer 
J 8092 Driver Handle 


Figure 11 — Installing the Front Pinion Bearing Cup 
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Figure 12 — Installing the Rear Pinion Bearing Cup 


* Pinion bearing cups (15) and (18) using J 7817, 
J 7818 and J 8092. 


PINION DEPTH ADJUSTMENT (Figures 1, 13 and 14) 
Tools Required: 
J 21777-40 Rear Pilot Washer 
J 21777-42 Front Pilot Washer 
J 21777-43 Stud Assembly—Bolt 
J 21777-45 Side Bearing Discs 
J 23597-1 Arbor 
J 23597-11 Gage Plate 
J 8001 Dial Indicator 
1. Clean all the gage parts. 
2. Lubricate the front and rear pinion bearings with 
axle lubricant. 
3. Place the bearings (15) and (18) into the pinion 
bearing cups. 
4. Install J 21777-40, J 21777-42, J 21777-43 and 
J 23597-11 to the pinion bore (figure 13). 
5. Hold the stud stationary at the flats of the stud. 


Tighten 


¢ Stud nut to 2.2 N.m (20 in. Ibs.). 
6. Rotate the gage plate and bearings several com- 
plete revolutions to seat the bearings. 
7. Tighten the stud nut until a torque of 1.6 to 2.2 
N.m (15 to 25 in. Ibs.) is obtained to keep the gage 
plate in rotation. 


J-21777-45 


PLUNGER 


A hd 


SE = J-21777-40 


v7 


J-21777-43 
J-21777-42 


ee eesstQrwas 


A. Indicator 
Pad 
F4681 


Figure 13 — Pinion Depth Tools 


8. Assemble J 21777-45, J 23597-11, and J 8001 to 


the differential bearing bores as shown in figure 9. 
*The bearing bores must be clean and burr free. 


9. Install the side bearing caps and tighten the bolts 


10. 
Ti. 


12. 


13. 


14. 


15. 
16. 


finger tight. : 

Rotate the gage plate until the gaging areas are 
parallel with the disks. 

Position the gage shaft assembly in the carrier so 
that the dial indicator rod is centered on the gage 
area of the gage block. 

Set the dial indicator at zero. Push the indicator 
down on the indicator shaft until the needle rotates 
approximately 3/4 of a turn to the right. Tighten the 
dial indicator in this position. 

Rotate the gage shaft slowly back and forth until 
the dial indicator reads the greatest deflection 
(when the indicator needle is centered between 
moving to the left and to the right). 

At the point of greatest deflection, set the dial indi- 
cator to zero. Repeat the rocking action of the 
gage shaft to verify the zero setting. 

Rotate the gage shaft until the dial indicator rod 
does not touch the gage block. 

Record the actual number on the dial indicator and 
not the number which represents how far the nee- 
dle travels. This is the nominal pinion setting. 
EXAMPLE: If the indicator needle moved to the left 
1.70 mm (0.067-inch) to a dial reading of 0.84 mm 
(0.033-inch) as shown in figure 14, record the dial 
reading of 0.84 mm (0.033-inch) not 1.70 mm 
(0.067-inch). The dial indicator should be in the 
0.50 to the 1.27 mm (0.020 -to 0.050-inch) range. 


17. Check the pinion face for a pinion adjustment 


mark. This mark indicates the best running posi- 
tion for the pinion from the nominal setting. 


18. Remove bearing caps (31) and depth gaging tools. 
19. Install the correct pinion shim (19) according to 


this procedure to the pinion. - 


DIFFERENTIAL CASE ASSEMBLY 
Install or Connect (Figures 1,15 and 16) 


Tools Required: 
J 25299 Differential Side Bearing Installer 
J 8092 Driver Handle 
J 8107-2 Differential Side Bearing Remover 
Plug 
¢ Lubricate all parts with rear axle lubricant. 


1. Side gear thrust washers (28) to the side gears 


(26). 


2. Side gears (26) to the differential case (24). 


* Place the side gears in place on the same side 
as removed. 


3. Pinion gears (26) to the differential without the 


thrust washers (27). 

* Place one pinion gear onto the side gears and 
rotate the gears until the pinion is exactly oppo- 
site from the differential opening. 

« Place the second pinion gear onto the side 
gears so that the pinion gear holes line up. 

* Rotate the pinion gears into place, and verify 
that the pinion gears line up with the pinion 
shaft holes. 


4, Pinion thrust washers (27). 
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A. Dial indicator and arbor positioned on the gage block. 
B. Measurement after the arbor is moved off of the gage block. fon 


Figure 14 — Checking Pinion Depth 


¢ Rotate the pinion gears toward the differential 
opening just enough to slide in the pinion 
thrust washers. 

5. Pinion shaft. 
6. Pinion shaft screw. 

* Check that the mating surfaces of the differen- 
tial case and the ring gear are clean and burr 
free. 

7. Ring gear (20) to the differential case (24) (figure 
15). 


* Thread two left-hand threaded studs into the 
ring gear on opposite sides. © 

* Place the ring gear onto the case, and align the 
studs with the holes in the case. 

8. New ring gear bolts (25). 

* Tighten the ring gear bolts alternately in stages 
gradually pulling the ring gear onto the differen- 
tial case. 


SQ) Tighten 


* The ring gear bolts in sequence to 120 N.m (90 
ft. Ibs.). 

9. Differential side bearings (22) using J 25299, 
J 8092, and J 8107-2 (figure 16). : 

* Place J 8107-2 into the differential on the side 
opposite of bearing installation to protect the 
differential case. 

* Drive the bearing onto the case using J 25299 
and J 8092. 

10. Differential case (24) to the axle housing. Refer to 
“Side Bearing Pre-Load Adjustments" in this sec- 
tion. 


A. Left Hand Studs 
20. Ring Gear 
24. Differential Case 


Figure 15 — Aligning the Ring Gear Studs 


SIDE BEARING PRE-LOAD ADJUSTMENT 


’ (Figures 1, 17, 18, and 19) 


Tool Required: 
J 22779 Side Bearing Backlash Gage 


* The differential side bearing pre-load adjustment 
must be made before installing the pinion. 

* The differential case side bearing pre-load is 
adjusted by changing the thickness of both the left 
and right shims equally. This will maintain the orig- 
inal backlash. 

* Production shims are cast iron and are not to be 
reused. Measure the production shims and spac- 
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Figure 16 — Installing the Side Bearing 


ers one at a time, and add the measurements 
together to obtain the sizes of the left and right 
shim packs. . 

* Service spacer thickness is nominal at 4.32 mm 
(0.170-inch). 

* Service shims are available from 1.02 mm to 2.54 
mm (0.040 to 0.100-inch) in increments of 0.101 
mm (0.004-inch). 

¢ Be sure that the side bearing surfaces are clean 
and free of burrs. 

1, Place the case with the bearing cups installed -into 
the axle housing (figure 1). 

¢ Lubricate the axle bearings with axle lubricant. 
* Support the case to keep it from falling into the 
axle housing. 

2 Insert J 22779 between the axle housing and the 
left bearing cup (figure 17). 

-3. Move the tool back and forth in the bore while 
turning the adjusting nut to the right until a notice- 
able drag is produced (figure 18). 

* Tighten the lock bolt on the side of the tool. 
¢ Leave the tool in place. 

4. Install a service spacer (A) and a service shim (B) 
between the right bearing cup and the axle hous- 
ing. 

5. — bearing preload by inserting progres- 
sively larger feeler gage sizes between the carrier 
and the service shim. 

* Push the feeler gage (C) downward so that it 
contacts the shim at the top and bottom, and 
then contacts the axle housing. ae 

* The point just before additional drag begins is 
the correct feeler gage thickness. This is the 
zero setting without preload. 

6. Remove the strap, J 22779, the service spacer, 
service shim, feeler gage, and differential case 
from the axle housing. f ; 

7. Measure J 22779 in hee places sig a microme- 
ter. Average the readings (figure 1¥). , 

8. Add the Ararnelons of be bck aging Spac- 
er, service shim, and the feeler . f 

9. For an initial backlash setting, move ne Laie eed 
away from the pinion by subtracting 9. 


A. Service Spacer 
B. Service Shim 
C. Feeler Gauge 


Figure 18 — Measuring Side Bearing Shim 
Requirements 


from the ring gear side shim pack and adding 
0.010-inch to the shim pack on the opposite side. 
10. To obtain the proper preload on the side bearings 
add 0.10 mm (0.004-inch) to the measurement of 
each shim pack. 
11. Install the differential. Refer to "Backlash Adjust- 
ment" in this section. 


PINION INSTALLATION 
[> Install or Connect (Figures 1, and 21) 


Tools Required: 
J 5590 Rear Pinion Bearing Cone Installer 
J 23911 Pinion Oil Seal Installer 
J 8614-01 Pinion Flange Holder 
¢ The bearing cups should have been installed in 
“Pinion Depth Adjustment,” in this section. 
1. pa pinion inner bearing (18) using J 5590 (figure 
21). 
* Drive the bearing until the bearing cone seats 
on the pinion shims. 
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Figure 19 — Measuring the Gage Plate Thickness 


2. A new collapsible spacer (17). 
¢ Lubricate the pinion bearings with axle lubricant. 


3. Pinion (20) to the axle housing. 
4. Outer pinion bearing (15) onto the pinion using 
J 5590. 


* Hold the pinion forward from inside the case — 


while driving the bearing onto the pinion. 

5. Pinion oil seal (14) using J 23911. 

6. The pinion flange (13) to the pinion by tapping it 
with a rawhide hammer until a few threads show 
through the pinion flange. . 

7. The pinion washer (12) and a new nut (11) while 
holding the pinion flange with J 8614-01. 


Tighten 


¢ The nut until the pinion end play is just taken 
up. Rotate the pinion while tightening‘the nut to 
seat the bearings. Once there is no end play in 
the pinion, the preload torque should be 
checked. 

* Remove J 8614-01. Using an inch-pound 
torque wrench, check the pinion preload by 


4.32 MM (0.170-INCH) SERVICE SPACER 


Total Thickness of Total Thickness of 
Both Prod. Shims Service Shims To Be 
Removed Used As A Starting Point 


10.57 mm (0.420-inch) 
10.92 mm (0.430-inch) 
11.18 mm (0.440-inch) 
11.43 mm (0.450-inch) 
11.68 mm (0.460-inch) 
11.94 mm (0.470-inch) 
12.19 mm (0.480-inch) 
12.45 mm (0.490-inch) 
12.70 mm (0.500-inch) 
12.95 mm (0.510-inch) 
13.21 mm (0.520-inch) 
13.46 mm (0.530-inch) 
13.97 mm (0.550-inch) 


1.52 mm (0.060-inch) 
1.78 mm (0.070-inch) 
2.03 mm (0.080-inch) 
2.29 mm (0.090-inch) 
2.54 mm (0.100-inch) 
2.79 mm (0.110-inch) 
3.05 mm (0.120-inch) 
3.30 mm (0.130-inch) 
3.56 mm (0.140-inch) 
3.81 mm (0.150-inch) 
4.06 mm (0.160-inch) 
4 
4 


.32 mm (0.170-inch) 
.83 mm (0.190-inch) 
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Figure 20 — Shim Thickness Chart 
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18. Pinion Inner Bearing 
20. Pinion 


Figure 21 — Installing the Pinion Inner Bearing 


rotating the pinion with the wrench (figure 22). 

Preload should be at or below 2.7 to 3.6 N.m 

(24 to 32 in. lbs.) on new bearings, or 1.0 to 
° 1.4 N.m (8 to 12 in. Ibs.) for used bearings. 

If the preload torque is below the preloads giv- 
en above, continue torquing the nut in small 
increments. Check the preload after each tight- 
ening. Each tightening increases the bearing 
preload by several inch pounds. If the bearing 
preload is exceeded, the pinion will have to be 
removed, and a new collapsible spacer 
installed. 
Once a preload of 2.7 to 3.6 N.m (24 to 32 in. 
Ibs.) has been obtained, rotate the pinion sever- 
al times to assure that the bearings have seat- 
ed. Recheck the preload, and adjust if 
necessary 


8. Differential case. Refer to “Backlash Adjustment” 
in this section. 


BACKLASH ADJUSTMENT (Figures 16, 23 and 24 ) 


1. Install the differential case, bearing cups, spacers, 
and shims as determined from the “Side Bearing 
Preload Adjustment” earlier in this section. 

2. Rotate the case several times to seat the bearings. 

3. Install a dial indicator to the case using a magnetic 
base. 


. Inch Pound 
Torque Wrench 


Figure 22 — Checking Pinion Preload 
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4. Place the indicator stem at the heel end of a tooth 
(figure 23), 


* Set the dial indicator so that the stem is in line 
with the gear rotation and perpendicular to the 
tooth angle. 


5. Install the differential bearing caps (31) and bolts 
(32). 


Tighten 


° The bolts to 75 N.m (55 ft. Ibs.). 


6. Check and record the backlash at three or four 
points around the ring gear. 


* The pinion must be held stationary when 
checking backlash. 

* The backlash should be the same at each point 
within 0.05 mm (0.002-inch). If the backlash 
varies more than 0.05 mm (0.002-inch), check 
for burrs, a distorted case flange, or uneven 
bolting conditions. 

7. Backlash at the minimum lash point measured 
should be between 0.13-and 0.23 mm (0.005 and 
0.009-inch) for all new gear sets. 

8. If the backlash is not within specifications, move 


the ring gear in or out from the pinion by increas- © 


ing the thickness of one shim, and decreasing the 
thickness of the other shim by the same amount. 
This will maintain the correct rear axle side bear- 
ing preload. 


¢ Moving 0.05 mm (0.002-inch) worth of shim 
from one side of the differential to the other will 
change the backlash adjustment by 0.03 mm 
(0.001-inch). 
9. When the backlash is correctly adjusted, remove 
the bearing caps and the shim packs. 

10. Select a shim 0.10 mm (0.004-inch) thicker than 
the one removed from the left side. Insert this 
shim between the spacer and the left bearing race 
(figure 24). 

11. Install the left bearing cap and bolts. 


¢ Do not tighten. 


12. Select a shim 0.10 mm (0.004-inch) thicker than 
the one removed from the right side. Insert the 
shim between the spacer and the right bearing 
race, and drive the shim into place (figure 16). 

13. Install the right side bearing cap, and bolts. 


Figure 23 — Checking Backlash 


Tighten 


* All bearing cap bolts to 75 N.m (565 ft. Ibs.). 
14. Recheck the backlash and correct as necessary. 


FINAL ASSEMBLY 
Tools Required: 
J 8092 Driver Handle 
J 23765 Axle Shaft Bearing Installer 
J 23771 Axle Shaft Seal Installer 
J 23911 Pinion Oil Seal Installer 


[re] install or Connect (Figures 1, 25, 26 and 27) 


1. Bearing (8) with J 23765 and J 8092 until the tool 
bottoms, against the housing shoulder. (Figure 25.) 
¢ Lubricate the bearing with gear lubricant. 
2. Oil Seal using J 23771 untill the oil seal is flush 
with the axle tube (figure 26). 
¢ Lubricate the seal lips with gear lubricant. 
3. Axle shafts (2) into the axle housing (9). 
¢ Be careful not to damage the oil seal. 
* The splines at the end of the axle shaft must 
engage with the splines of the rear axle side 
gear. , 
4. The "C" locks (3) on the axle shaft (2). 
¢ Pull the axle shaft (2) outward so the "C" lock 


(3) seats in the counterbore of the rear axle 
side gear (figure 27). 


F4689 


Figure 24 — Installing the Differential Bearing 
; Preload Shim 


y 
v/ 
N% J 23765 


Figure 25 — Installing the Axle Bearing 
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5. Pinion shaft (29) through the case (24) and the 
differential gears (26). 
¢ Align the hole in the pinion shaft (29) with the 
lock bolt hole. 


NOTICE: See "notice" on page 4B1-1 of this 
section. 


6. New pinion shaft lock bolt (30). 


Tighten 


¢ Lock bolt (30) to 34 N-.m (25 ft.lbs.). 
7. A new cover gasket (33) and the cover (34). . 


Tighten 


¢ The cover bolts (35) to 27 N.m (20 ft. Ibs.). 
8. Lubricant to the rear axle. 
¢ Lubricant to a level within 9.5 mm (3/8 inch) of 
the filler plug hole. 
9. Fill plug (16) to 35 N.m (26 ft.lbs.). 


GEAR TOOTH | 
PATTERN CHECK 


Checking the ring gear to pinion tooth pattern is to 
be done only after setting up the axle according to the 
methods in this section. The pattern check is NEVER 
to be used as an initial check, or instead of checking 
pinion depth and backlash adjustments. This check is 
only to be used to verify the correct adjustment of the 
gear set after setup. : 


. Axle Shaft 

. “C" Lock 

. Pinion Shaft 
Lock Bolt 


Figure 27 — "C" Lock and Axle Shaft Seated In the 
Side Gear 


1. Wipe all oil out of the carrier, and carefully clean 
each tooth of the ring gear (figure 28). 

2. Use gear marking compound 1052351 or equiva- 
lent and apply this mixture sparingly to all ring 
gear teeth, using a medium-stiff brush. When 
properly used, the area of pinion tooth contact will 
be visible when hand load is applied. 

3. Tighten the bearing cap bolts to the specified 
torque. 

4. Expand the brake shoes until a torque of 40 to 50 
ft. Ibs. is required to turn the pinion. 

A test made without loading the gears will not 
give a Satisfactory pattern. Turn the pinion flange 
with a wrench so that the ring gear rotates one full 
revolution, then reverse the rotation so that the 
ring gear rotates one revolution in the opposite 
direction. 

5. Observe the pattern on the ring gear teeth and 
compare this with figure 29. 


ADJUSTMENTS AFFECTING 
TOOTH CONTACT 


Two adjustments can be made which will affect tooth 
contact pattern: backlash, and the position of the drive 
pinion in the carrier. The effects of bearing preloads 
are not readily apparent on hand loaded tooth contact 
pattern tests; however, these adjustments should be 
within specifications before proceeding with backlash 
and drive pinion adjustments. 

The position of the drive pinion is adjusted by 
increasing or decreasing the distance between the pin- 
ion head and the centerline of the ring gear. Decreas- 
ing the distance will move the pinion closer to the 
centerline of the ring gear. Increasing the distance will 
move the pinion farther away from the centerline of the 
ring gear. 

Backlash is adjusted by means of the side bearing 
adjusting shims which move the entire case and ring 
gear assembly closer to, or farther from, the drive pin- 
ion. (The adjusting shims are also used to set side 
bearing preload). 


C. Concave Side (Coast) 
D. Convex Side (Drive) 


Figure 28 — Gear Tooth Nomenclature 
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TOE CONTACT 
INCREASE BACKLASH 


HIGH FACE CONTACT 
INCREASE PINION SHIM 


LOW FLANK CONTACT 
DECREASE PINION SHIM | 


HEEL CONTACT 
DECREASE BACKLASH 


Figure 29 — Gear Tooth Pattern 


If the thickness of the right shim is increased (along 
with decreasing the left shim thickness), backlash will 
increase. 


DISASSEMBLY OF THE 
DIFFERENTIAL “ 


[+] Remove or Disconnect (Figures 30 and 31) 


Tools Required: ; 
J 26252 Governor Remover 


. Governor bushing (4) using J 26252 (figure 31). 
. The E-clips that hold the latching bracket in place 


on the bracket shaft. 
@ Move the bracket down the shaft. 


. Latching bracket bushing (5) using J 26252, 
. Latching bracket (11), shaft, and spring from the 


case. 


. Governor assembly (23) from the case. 
. Lockscrew (3). 
. Pinion shaft (18). 


Differential pinion gears (7) and pinion thrust 


washers (6). : 
e Roll the gears out of the case by rotating one 


- of the side gears. 


. Thrust block (17). 
. Right side gear (10). 


The backlash will decrease if the left shim thickness 
is increased (along with a decrease in right shim thick- 
ness). 


UNIT REPAIR OF THE LOCKING DIFFERENTIAL 


11. Right clutch plates (9) and side thrust washer (8). 
12. Left side gear (21), cam plate (16), and clutch 


plates (12) as an assembly (cam unit). 


13. Side gear thrust washer (13). 
CAM UNIT DISASSEMBLY 


[p<] Install or Connect (Figures 30 and 32) 


Ooahan— 


. Snap ring (22). 

. Clutch plates. 

. Guide clips (20). 

. Wave spring. 

. Cam plate (16). 

. Left side gear (21). 


CLEANING AND INSPECTION 


Clean” ~ 


¢ All parts with solvent. 


Inspect 


* All parts for excessive wear and breakage. 
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. Differential Case . Clutch Plates . Pinion Shaft 

E-Clips . Right Side Gear . Guide Clips 

Lock Screw . . Latching Bracket . Guide Clips 
Governor Bushing . Clutch Plates . Left Side Cam Gear 
Latching Bracket Bushing . Side Gear Thrust Washer . Snap Ring 

. Pinion Thrust Washers . Wave Spring ; . Governor Assembly 
Pinion Gears . Cam Plate 

. Side Gear Thrust Washer . Thrust Block 


Figure 30 — Differential Components 


OPNOMAON= 


e@ Pinion gear and side gear teeth for wear, cracks, 
scoring, and spalling. 

Thrust washer for wear. 

The fit of.the side gears on the axle shafts. 
Differential case for cracks and scoring. 
Replace parts as necessary. *. 


CAM UNIT ASSEMBLY 
feo] Install or Connect 


1. Cam plate (16) to the left side gear (21). 
2. Wave spring. et 
' 3, Clutch plates (8 plates). mee 
e Alternate the plates as shown in figure. 30. 
4. Snap ring (22). 


Figure 31 — Removing the Governor Bushings 
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Figure 32 — Removing the Retaining Ring 


ADJUSTMENT OF THE DIFFERENTIAL 
* If it is necessary to replace the cam gear, the right 
side gear, or the thrust block, the entire differential 
must be adjusted. The differential is adjusted by 
using selective thickness thrust washers behind 


each side gear, and selective thickness thrust - 


washers between the reaction blocks. 

* It is important to build up the differential properly, 
as the proper clearances between parts is neces- 
Sary for the proper operation of the units. 

* There are three adjustments to be made: 

(1) Left side gear backlash. 
(2) Right side gear backlash. 
(3) Thrust block clearance. 


Left Side Gear Backlash Adjustment 
1. Install the cam unit and thrust washer (13) to the 
flange end of the case. 

2 Place the pinion gears (7) and thrust washers into 
the differential. 

¢ Align them with the pinion shaft hole. 

3. Press down the side gear, and install the pinion 
shaft (18) and lock screw (3). 

° If the side gear cannot be pressed down far 
enough to install the pinion shaft replace the 
thrust washer with a thinner washer. 

4. Rotate the pinion gear closest to the lock screw so 
that one of the teeth is pointing downward (perpen- 
dicular to the ring gear flange). 

5. Insert a large tapered tool such as a screwdriver 
firmly between the side gear and the pinion shaft. 

6. Mount a dial indicator to the ring gear flange, and 

i lace the stem of the indicator on one of the teeth 
_ the pinion gear closest to the lock screw (figure 


34). ' ue 
inion gear firmly into its seat, and rotate 
fra wat back and forth while reading the dial indi- 
the reading. 
cator. Reece 4-7 on the opposite pinion gear, 
8. Repeat S shi should be between 0.254 and 0.457 
0.018-inch). 
mm (0.010 A is too high, use a thicker thrust 
10. If the 
asher _ is to 
11. If the backlash 'S ' 
washel. 


o low, use a thinner thrust 


lanims® 


Figure 33 — Removing the Thrust Ring 


Right Side Gear Backlash Adjustment 
1. Assemble the clutch plates. 


* Alternate the plates as shown in figure 30. 
2. Assemble the guide clips (19) to the plates. 


* Use grease in the clips to hold them in place 
on the plates. . 


3. Install the thrust washer (8), clutch plate assembly 
(9), and right side gear to the differential. 

4. Place the pinion gears (7) and thrust washers (6) 
into the differential. 


* Align them with the pinion shaft hole. 


5. Press down the side gear, and install the pinion 
shaft (18) and lock screw (3). 


¢ If the side gear cannot be pressed down far 
enough to install the pinion shaft, replace the 
thrust washer with a thinner washer. 


6. Rotate the pinion gear closest to the lock screw so 
that one of the teeth is pointing downward (perpen- 
dicular to the ring gear flange). 

7. Insert a large tapered tool such as a screwdriver 
firmly between the side gear and the pinion shaft. 


Figure 34 — Checking Cam or Side Gear Backlash 
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8. Mount a dial indicator to the ring gear flange, and 


13. 


place the stem of the indicator on one of the teeth 
eae pinion gear closest to the lock screw (figure 


. Pull the pinion gear firmly into its seat, and rotate 


the gear back and forth while reading the dial indi- 
cator. Record the reading. 


. Repeat steps 6 through 9 on the opposite pinion 


gear. 


. The backlash should be between 0.051 and 0.243 


mm (0.002 - 0.010-inch). 


. If the backlash is too high, use a thicker thrust 


washer. 
If the backlash is too low, use a thinner thrust 
washer. 


Thrust Block Clearance Adjustment 


Install or Connect 


1. 


Left thrust washer (13) to the differential. 


2. Cam unit to the differential. 
3. Right thrust washer (8) to the differential. 
4. Clutch plates with guide clips to the differential. 


¢ Assemble alternatively as shown in figure 30. 


5. Right side gear (10) to the differential. 
6. Pinion shaft (18) and lock screw (3). Insert a large 


tapered tool such as a screwdriver firmly between 
each side gear and the pinion shaft. 


7. A 1 to 2-inch telescoping gage between the side 


gear faces, not the gear teeth. 
¢ Measure the side gear spread (figure 35). 


Voliceasleal 


¢ Remove the telescoping gage. 


a 


Measure the telescoping gage with a micrometer. 


2. Measure the original thrust block at the outer cor- 


ner with a micrometer (figure 36). 

lf the thrust block thickness is not 0.000 to 

0.006-inch less than the side gear spread, adjust 

the clearance by: 

— Selecting a new thrust block the correct size to 
obtain 0.000 to 0.006-inch clearance. 

— Reshimming the right and/or left clutch disk 
pack. The backlash must remain 0.002 - 
0.010-inch. 


ASSEMBLY OF THE 
DIFFERENTIAL 


> Install or Connect (Figure 30) 


1. 


Left thrust washer (13). 


2. Cam unit. Refer to “Cam Unit Assembly” in this 


section. 


3. Right thrust washer (8). 
4. Right clutch plates with guide clips (19). 


* Assemble alternately as shown in figure 30. 


5. Right side gear (10). xp 
6. Thrust block (17), thrust washer (6), and pinion 


gear (7). 


* Place the pinion gears into the differential 180 


degrees apart. 


¢ Rotate the gears and thrust block into position. 
* The open side of the thrust block must face toward 
the small window opening. 
7. Pinion shaft (18). 
8. A new lockbolt (3). Install finger tight. 
* Tighten to specifications after installed in the 
vehicle. 
9. Governor assembly (23) with E-clips and latching 

bracket (11). 

@ The straight end of the latching bracket spring 
must be over and outside the governor 
assembly shaft (figure 37). 

10. Governor bushing (4). 

e@ Use the bushing with a straight hole, not a 
tapered hole. 

e Press the bushing in far enough to give 0.004 
to 0.020-inch shaft end play. 

11. Latching bracket bushing (5). 
e@ Press in far enough to eliminate all end play. 


Figure 36 — Measuring the Thrust Block 
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Figure 37 — Governor and Latching Bracket 
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TORQUE SPECIFICATIONS 

Fastener . Nm 
Cretteat Gar CMe 6 o-s.6.% ue waa a 6 ies a & 84 9a0E SAS Re ck 27 
Pinetonet Loe Bol os as.uca veces cu saateseuxees ceeeeue us 34 
AIng Gar BONS soe encased WOKEN Con ERNE ERA SET ee ORO ws 120 
Beatnig Gap BONS occxs cence en enecenescaenaedune €4 ax 694 75 
Axle Cover Bolts...........0. Rw ON SR OE KED ELMAR DAR OR EE RED 27 
Spacer and Shim Sizes 
Differential Side Bearing Spacer .......ccscccsccvccscccsees 
Differential Side Bearing Shim Kits .........ccceceeecsccoees 
Pinion Bearing Shim KGS ....sccsccesucvsexassiveses eas 

LOCKING DIFFERENTIAL 
Color Code Thrust RH 

Block Side Gear 
Sizes Thrust Washer 

POG. as ade eeeeeES O44 RN ORES 1.260-inch 0.10-inch 
WHE cc a oe abou move whe eee as 1.264-inch 0.15-inch 
WON 556% eas baka ee ee wae ae 1.268-inch 0.20-inch 
THE caxvégioeveveckou cewiwens ees 1.272-inch 0.25-inch 
HGNOS x cucaccn eae e0eeee sad ex 1.276-inch 0.30-inch 
PE b's Re Le we OST E SE Owen OHS 1.280-inch 0.35-inch 
Se Sta ia cae oe ek OS RS 1.284-inch 0.40-inch 
BU 6 iva eas AekRSRGREO SR ROO ROS 1.288-inch 0.45-inch 
PIOG cs kine cee ede hema weee Ken = = 
Differential Part Number ........ ccc cee eee e rere eee reece ees eeeenns 
LUDTICANE 6s dbs Sok We & KOA RTNE Ee Ow RSER Ga SOS TIED OR ACE ENC e ER 


Size 
0.170-inch 


0.040-0.044-inch 
0.046-0.050-inch 
0.052-0.056-inch 
0.058-0.062-inch 
0.064-0.070-inch 
0.072-0.078-inch 
0.080-0.086-inch 
0.088-0.094-inch 
0.096-0.100-inch 


0.025-0.029-inch 
0.030-0.034-inch 
0.035-0.039-inch 
0.040-0.045-inch 


LH 
Gear Thrust 
Washer 


0.022-inch 
0.027-inch 
0.032-inch 
0.036-inch 
0.040-inch 
0.044-inch 
0.048-inch 
0.052-inch 


26009618 
80wS0 GL-5 


(Do not use limited slip additive.) 


T2604 
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SPECIAL TOOLS 


J-25299 


J-25320 


J-8107-2 


4. , i J-22888 


Ee) J-5590 10. 


J-2619-01 


. Front Pinion Bearing Cup Installer 
Rear Pinion Bearing Cup Installer 
Differential Side Bearing Remover Plug 
_ Side Bearing Remover 

Rear Pinion Bearing Cone Installer 
Differential Side Bearing Installer 

Rear Pinion Bearing Remover 

Driver Handle 
Dial Indicator 
Slide Hammer 


F-10296 


—_ 
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SPECIAL TOOLS 


———— J-8614-01 ; 4 J-8001-2 


{| 
6 fo} J-22813-01 
{ 


ceils : J-8001-4 


J-23765 
J-21777-B 


sindaiaktl J-23597-B 


. Companion Flange Holder 


. Axle Bearing Puller 
. Axle Shaft Seal Installer 21. CTP 
. Axle Shaft Bearing Installer J-22779 


. Dial Indicator Clamp 
. Dial Indicator Sleeve 
. Dial Indicator 
. Hole Attachment 
. Pinion Setting Gauge Kit 
. Pinion Setting Gauge Kit 
. Side Bearing Backlash Gauge 
F-10297 
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BLANK | 


REAR AXLE, ON-VEHICLE SERVICE 4B1 - 1 
SECTION 4B1 


REAR AXLE, ON-VEHICLE SERVICE 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 
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DESCRIPTION i: 
The rear axle assembly is of the semi-floating type in LOCKING REAR AXLE 


which the vehicle weight is carried on the axle housing 
(figure 1). The rear axle is designed for use with an 
open driveline and leaf springs. The centerline of the 
pinion gear is below the centerline of the ring gear 
(hypoid drive). 

All parts necessary to transmit power from the 
propeller shaft to the rear wheels are enclosed in a 
salisbury-type axle housing (a carrier casting with tubes 
pressed and welded into the carrier). A removable steel 
cover at the rear of the axle housing permits rear axle 
service without removing the entire assembly from the 
vehicle. 

Refer to MAINTENANCE AND LUBRICATION (SEC. 
OB) for periodic maintenance and lubrication intervals. 


The locking differential allows for normal differential 
function until one wheel spins. The locking differential 
incorporates multi-disc clutch packs and a speed 
sensitive engagement mechanism which lock both 
wheels together if either should spin excessively during 
slow vehicle operation. 

Vehicles built before 8/24/87 were equipped with a 
standard differential. Vehicles built after 8/24/87 (1988 
model year) are equipped with a locking differential. 
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REAR AXLE IDENTIFICATION 


_ The rear axle identification code and manufacturer's 

code must be known before attempting to adjust or 
repair axle shafts or the rear axle case assembly. Rear 
axle ratio, differential type, manufacturer, and build date 
information is stamped on the right axle tube on the 
forward side (figure 1). Any reports made on rear axle 
assemblies must include the full code letters and build 
date numbers. 


\ 
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A. Axle Code 

B. Assembly Plant 

C. Day Built (Julian Date) 
D. Shift 


Figure 1 — Rear Axle Identification 


DIAGNOSIS OF REAR AXLE NOISE 


Many noises that appear to come from the rear axle 
actually originate from other sources such as tires, road 
surface, wheel bearings, engine, transmission, muffler, 
or body drumming. A thorough check should be made 
to find the source of the noise before disassembling the 
rear axle. Rear axles, like any other mechanical device, 
are not absolutely quiet but should be considered quiet 
unless some abnormal noise is present. 

To make a systematic check for axle noise, observe 
the following: 

1. Select a level asphalt road to reduce tire noise 
and body drumming. 

2. Check rear axle lubricant level to assure correct 
level, then drive vehicle far enough to thoroughly 
warm up rear axle lubricant. 

3. Note speed at which noise occurs. Stop vehicle 
and put transmission in "Neutral." Run engine 
speed slowly up and down to determine if noise is 
caused by exhaust, muffler noise, or other engine 
conditions. 

4. Tire noise changes with different road surfaces 
while axle noises do not. Temporarily inflate all 
tires to 413 kPa (60 psi) (for test purposes only). 
This will change noise caused by tires but will not 
affect noise caused by rear axle, 

Rear axle noise usually stops when coasting at 
spee d under 30 mph (48 km/h); however, tire 

ica continues with a lower tone. Rear axle noise 
carne? changes when comparing pull and coast, 
a tire noise stays about same. 

Distinguish 
noise by noting 
speeds Or S 
eyheuist and 
these conditions 

ronou 
and is more p 


mph (32 to 


between tire noise and rear axle 
if noise changes with various 
udden acceleration and deceleration, 
axle noise show variations under 
while tire noise remains constant 
nced at speeds of 20 to 30 
48 km/h). Further check for tire noise 


by driving vehicle over smooth pavements or dirt 
roads (not gravel) with tires at normal pressure. If 
noise is caused by tires, it will change noticeably 
with changes in road surface. 

5. Loose or rough front wheel bearings will cause 
noise which may be confused with rear axle noise; 
however, front wheel bearing noise does not 
change when comparing drive and coast. Light 
application of brake while holding vehicle speed 
steady will often cause wheel bearing noise to 
diminish. Front wheel bearings may be checked 
for noise by jacking up wheels and spinning them 
or by shaking wheels to determine if bearings are 
loose. ; 

6. Rear suspension rubber bushings and spring 
insulators dampen out rear axle noise when 
correctly installed. Check to see that no metal-to- 
metal contact exists between spring and spring 
opening in frame or between upper and lower 
control arm bushings and frame or axle housing 
brackets. Metal-to-metal contact at these points 
may result in road noise and normal axle noise 
‘which would not be objectionable if dampened by 
bushings. 

7. Make sure that there is not metal-to-metal contact 
between floor and frame. 

After noise has been determined to be in the axle, 
type of axle noise should be determined to aid in 
making any necessary repairs. 


GEAR NOISE 
Gear noise (whine) is audible from 20 to 55 mph (32 
to 89 km/h) under four driving conditions. 
1. In drive under acceleration or heavy pull. 
2. In vehicle driving load or under constant speed. 
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3. When using enough throttle to keep the vehicle 
from driving engine while vehicle slows down 
gradually (engine still pulls slightly). 

4. When coasting with vehicle in gear and throttle 
closed. Gear noise is usually more noticeable 
between 30 and 40 mph (48 and 64 km/h) and 50 
and 55 mph (80 and 89 km/h). 


BEARING NOISE 

Bad bearings generally produce a rough growl or 
grating sound, rather than the whine typical of gear 
noise. Bearing noise frequently “wow-wows" at bearing 
rpm indicating a bad pinion or rear axle side bearing. 
This noise could easily be confused with rear wheel 
bearing noise. 


REAR WHEEL BEARING NOISE 

A rough rear wheel bearing produces a noise which 
continues with the vehicle coasting at low speed and 
the transmission in “Neutral." Noise may diminish by 
gentle braking. With the rear wheels jacked up, spin the 
rear wheels by hand while listening at the hubs for 
evidence of a rough (noisy) wheel bearing. Refer to 
figure 2 for wheel bearing diagnosis. 


KNOCK AT LOW SPEEDS 

Low speed knock can be caused by worn universal 
joints or a side gear hub counterbore in the case that 
is worn oversize. Inspect and replace universal joints or 
case and side gears as required. 


BACKLASH CLUNK 

Excessive clunk on acceleration and deceleration is 
caused by the worn rear axle pinion shaft, a worn case, 
excessive clearance between the axle and the side gear 
splines, excessive clearance between the side gear hub 
and the counterbore in the case, worn pinion and side 
gear teeth, worn thrust washers, and excessive drive 
pinion and ring gear backlash. Remove worn parts and 
replace as required. Select close fitting parts when 
possible. Adjust pinion and ring gear backlash. 
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WEAR (MINOR) 
Light pattern on races and rollers caused by 
fine abrasives. 


Clean all parts and housings. Check seals 
and replace bearings if rough or noisy. 


Replace shaft if damaged. 


WEAR (MAJOR) 
Heavy pattern on races and rollers caused 
by fine abrasives. 


Clean all parts and housings. Check seals 
and replace bearings if rough or noisy. 


Replace shaft if damaged. 


INDENTATIGNS 


SINGLE EDGE PITTING 


Surface depressions on race and rollers 
Caused by hard particles of foreign material. 


Flaking of surface metal resulting from fa- 
tigue, usually at one edge of race and roll- 
Clean all parts and housings. Check seals | &!S. 


and replace bearings if rough or noisy. 
Replace shaft if damaged. 


Replace bearing - clean all related parts. 
Replace shaft if damaged. 


MISALIGNMENT FRETTAGE 
ing and make sure races are | Corrosion set up by small relative movement 
icons pel of parts with no lubrication. 
y ft if bearing operating surface is | Replace bearing. Clean related parts. Check 
Replace sha seals and check for proper fit and lubrica- 
damaged. tion. 


Replace shaft if damaged. 


Figure 2 — Bearing Diagnosis 


WOO OC 


DE 
ait 
ww 
BRINELLING 


Surface identations in raceway caused by 
roll either under impact loading or vibration 
while the bearing is not rotating. 


Replace bearing if rough or noisy. 
Replace shaft if damaged. 


DOUBLE EDGE PITTING 


Flaking of surface metal resulting from fa- 
tigue, usually at both edges of race and roll- 
ers. 


Replace bearing - clean all related parts. 
Replace shaft if damaged. 


SMEARS 


Smearing of metal due to slippage. Slippage 
can be caused by poor fits, lack of lubrica- 
tion, overheating, overloads or handling 
damage. 


Replace bearings, clean related parts and 
check for proper fit and lubrication. 
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DIAGNOSIS OF REAR AXLE NOISE 


Nolse In Drive 1. Excessive pinion to bevel gear 1. Adjust backlash. 
backlash. 

2. Worn pinion and bevel gear. 

3. Worn pinion bearings. 

4. Loose pinion bearings. 

5. Excessive pinion end play. 

6. Worn differential bearings. 

| 7. Loose differential bearings. 

8. Excessive bevel gear run-out. 

9. Low oil level. 

10. Wrong or poor grade oil. 

11. Bent axle housing. 


2. Replace set. 
3. Replace bearings. 
4. Adjust bearings. 
5. Adjust end play. 
6. Replace bearings. 
7. Adjust bearings. 
8. Replace gear. 

9. Replenish oil. 

10. Replace oil. 

11. Replace housing. 


Nolsy When 
Coasting 


1. Adjust or replace pinion and level 
gear. 


1. Axle noise heard on drive will usually 
be heard also on coasting although 
not as loud. 

2. Pinion and bevel gear too tight 

(audible when slowing down and 

disappears when driving). 


Intermittent Noise | 1. Warped bevel gear. 1. Replace gear. 
2. Loose differential case bolts. 2. Tighten bolts. 


Constant Nolse 1. Flat spot on pinion or bevel gear 1. Replace pinion or bevel gear. 
teeth. 

2. Flat spot on bearing. 

3. Worn pinion splines. 

4. Worn hub studs. 

5. Bent axle shaft. 


2. Adjust backlash. 


2. Replace bearing. 
3. Replace pinion. 

4. Replace studs. 

5. Replace axle shaft. 


1. Worn differential side gears and 1. Replace as required. 
pinions. 

2. Worn differential spider. 

3. Worn axle shaft splines. 


Noisy On Turns 


2. Replace as required. 
3. Replace axle shaft. 
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DIAGNOSIS OF LOCKING REAR AXLE 


Does Not Lock 


bracket. 
stuck closed. 


and/or cam gear assembly. 
Broken clutch plates. 


Locks In Turns 
spring. 
open. 


drive teeth. 


Chatters In Turns 


1. Lubricant contaminated. 


Clutch plates deteriorated. 


Noise (In Addition 
To Normal Clutch 
Engagement) 


1. Broken clutch plates. 
2. Broken thrust block. 


Damaged case. 
Broken differential gears. 


PROBLEM POSSIBLE CAUSE CORRECTION 


Little or no spring preload on latching 
2. Flyweights on governor assembly 


3. Broken drive teeth on governor 


1. Governor assembly tight in case. 
2. Broken or weak governor flyweight 


3. Flyweight in governor assembly stuck 


4. Broken cam plate and/or governor 


Replace governor assembly and 
latching bracket. 
2. Replace governor assembly and 
latching bracket. 
3. Replace cam plate, governor 
assembly and latching bracket. 
4. Replace clutch plates and wave 
spring. 


1. Free up governor assembly. 

2. Replace governor assembly and 
latching bracket. 

3. Replace governor assembly and 
latching bracket. 

4. Replace cam plate, governor 

assembly and latching bracket. 


Drain lube when hot. Wipe carrier 
clean. Refill with lube specified in 
MAINTENANCE AND LUBRICATION 
(SEC. OB). 

Replace clutch plates. 


1. Replace clutch plates. 

2. Replace thrust block with block of 
identical thickness. Check closely for 
other damage. 

Replace unit. 
Replace gears. 


DIAGNOSIS OF LOCKING UNIT OPERATION 


1. Place vehicle on frame-contact hoist, allowing free 
rotation of rear wheels. 

2. Raise hoist until wheels clear the floor. Holding 
one wheel stationary, slowly rotate other wheel 
approximately 1/2 revolution per second in both 
forward and reverse directions. Wheel should 
rotate freely. If both wheels attempt to turn 
together, differential is locking and is broken. 

3. Raise hoist to maximum height with one person in 
vehicle. 

4. Start engine, making sure that engine is set at 
proper low idle speed. 

5 Apply | service brake, then place transmission in 
"Drive. , 
istant lock one rear wheel by pulling one 
6. acoabaya ake cable from under vehicle. 
7, Gare engine at low idle, slowly release brakes. 


8. Locked rear wheel will remain stationary and free 
wheel will begin turning. It is important that brakes 
be released slowly enough to start free wheel 
turning and allow free wheel to gradually increase 
in speed. As speed of free wheel is increased, 
differential will lock, causing rotating wheel to stop 
or both wheels to turn at same speed. It may be 
necessary to accelerate engine until approximately 
10 mph (16 km/h) is indicated. If indicated speed 
can be increased beyond 20 mph (32 km/h) 
without causing differential lock, unit is functioning 
properly. Rapid release of brakes or rapid 
acceleration of engine will invalidate test. 

9. Lock opposite rear wheel and repeat procedure. 
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DIAGNOSIS OF PINION FLANGE 


PINION FLANGE RUNOUT 
MEASUREMENT 


Tools Required: 
J 35819 Companion Flange Runout Gage 
J 23409 Dial Indictor Extension 
J 8001 Dial Indicator Set 


1. Place vehicle on frame-contact hoist, allowing free 
rotation of rear wheels. 

2. Remove propeller shaft from pinion flange. Refer to 
PROPELLER SHAFT (SEC. 4A) in this manual. 

3. Install J 35819 and J 8001 or equivalent (figure 3). 
e After set up, set dial indicator back to zero. 

4. Rotate pinion flange 360 degrees. Record highest 
and lowest readings and add them together. At 
points of greatest deflection (highest and lowest) 
mark pinion flange at dial indicator tab. 

5. If companion flange runout is 0.15 mm (0.006- 
inch) or less, remove companion flange balance 
weight, if used. No further action is required. 

6. If companion flange runout is over 0.15 mm 
(0.006-inch) but less than 0.28 mm (0.011-inch) 
and balance weight is at or near the low point of 
companion flange runout, no further action is 
required. 

@ If balance weight is not at or near low point of 
companion flange runout, remove weight. 

7. If companion flange runout is over 0.28 mm 
(0.011-inch) but no greater than 0.38 mm (0.015- 
inch) and balance weight is at or near low point of 
companion flange runout, no further action is 
required. 

@ If balance weight is not at or near low point of 
companion flange runout, remove weight and 
reindex companion flange until runout is 0.25 
mm (0.010-inch) or less. 


J 8001-4 


J 8001-2 


A. Compensating Weight Location 


Figure 3 — Pinion Fiange Runout Measurement 


@ lf impossible to achieve 0.25 mm (0.010-inch) or 
less runout, install a new companion flange and 
recheck for 0.25 mm (0.010-inch) or less runout. 
Service replacement companion flanges are not 
equipped with balance weights and no weights 
should be added. 


ON-VEHICLE SERVICE 


AXLE HOUSING REPLACEMENT 


Remove or Disconnect (Figure 4) 


e@ Raise vehicle and support it at frame. 

— Hoist must remain under rear axle housing. 
Rear wheels and drums. 

Shock absorber nuts (10) and flat washers (9). 
Shock absorber (11) from plates (8). 

Bolts (13) and retainers (14) from pinion flange 
(16). 

e@ Mark propeller shaft (15) pinion flange. 

e Support propeller shaft out of way. 


» eo 


ONO 


Hydraulic brake pipe at end of brake hose (1). 
Nut (7) from brake hose (1). 

Parking brake cables. Refer to BRAKES (SEC. 5). 
cage bar. Refer to REAR SUSPENSION (SEC. 
3D). 

Nuts (5) and flat washers (4). 

U-bolts (2) and anchor plates (3). 


. Vent hose (17) from axle housing (12). 


© Move axle from above leaf springs (8). 
@ Lower axle from vehicle using hoist. 
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[re]instan or Connect (Figure 4) 9. Propeller shaft (15). 


e Line up marks on propeller shaft with marks on 
NOTICE: For steps 4, 5, 9 and 11 see "Notice" 


pinion flange. 
on page 4B1-1 of this section. 10. Retainers (14) and bolts (13). 
1. Axle (12) to vehicle using a hoist. [A] Tighten 
2. Vent hose (17) to axle housing. 
3. Stabilizer bar. Refer to REAR SUSPENSION (SEC. @ Bolts (13) to 20 Nm (16 ft. Ibs.). 
3D). 


4. U-bolts (2) and anchor plates (8). 


11. Shock absorbers (11) anchor plates (3). 
5. Nuts (5). 


12. Flat washers (9) and nuts (10). 


By Tighten [al Tighten 


@ Nuts (5) to 115 Nm (85 ft. Ibs.). @ Nuts (10) to 100 N'm (74 ft. Ibs.) in crosswise 


pattern. 
Brake hose (1) to bracket (6) with nut (7). 


Parking brake cables. Refer to BRAKES (SEC. 5). 
Brake pipe to brake hose (1). 
@ Bleed brake system. Refer to BRAKES (SEC. 5). 


ON 


13. Rear wheels and drums. 


i) e 
yeah 
Adak 
Wey po 


. Braké Hose . Nut 


. U-Bolt . Shock Absorber 
Plate . Rear Axle Housing 
Flat Washer . Bolt 
. Retainer 
. Propeller Shaft 
. Pinion Flange 


. Leaf Spring . Vent Hose 
Flat Washer 


1 
2 
3. 
4. 
5. 
6. 
7. 
8. 
9. 


Figure 4 — Rear Axle Mounting 
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AXLE VENT HOSE CARRIER COVER GASKET 
REPLACEMENT REPLACEMENT 
The axle vent assembly is located on the RH side of @ Clean all dirt from carrier cover area. 
the axle carrier. 1. Cover bolts. 
@ Place container under carrier to catch lubricant. 
Remove or Disconnect (Figure 5) 2. Cover from axle housing. 


@ Pry cover loose. 


1. Vent clamp bolt (20). 3. Lubricant from axle housing. 
2. Vent hose (17) from axle nipple. 
3. Vent assembly (19) from vent hose (17). [igi] Ctean 
4. Vent hanger clip (18) from vent hose (17). 
5. Hose clamp from vent hose. e Gasket surfaces on axle housing and carrier cover. 
Install or Connect (Figure 5) Remove or Disconnect 

e Use neoprene-type replacement vent hose. 1. New gasket. 
1. Hose clamp to vent hose (17). 2. Cover. 
2. Vent hanger clip (18) to vent hose (17). 3. Bolts. 
3. Vent assembly (19) to vent hose. 
4. Vent hose (17) to axle nipple [2] Tighten 

@ Make sure vent clamp is installed over axle nipple 

and that hose is not twisted or kinked. @ Bolts to 27 N'm (20 ft. Ibs.) in crosswise pattern. 


5. Vent clamp bolt (20). 


4. Lubricant to level within 9.5 mm (3/8-inch) of filler 
plug hole. 


Hose Must Not Be Twisted or Kinked 
. Rear Axle Housing 
. Vent Hose 
. Clip 
. Vent 
. Bolt 


Figure 5 — Axle Vent Hose Routing 
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AXLE SHAFT 
REPLACEMENT 


Remove or Disconnect (Figures 6 and 7) 


e Raise vehicle. 
Rear wheels and drums. 
Carrier cover. 
@ Clean all dirt from carrier cover area. 
Lubricant from rear axle. 
Pinion shaft lock bolt (22). 
Pinion shaft. Pull out about 2/3 of the way. 
*C* lock (21) from button end of axle shaft (25). 
@ Push axle shaft (25) in toward center of vehicle. 
7. Axle shaft (25) from axle housing (12). 
@ Be careful not to damage oil seal (26). 


a 


onpo 


. Axle Housing 
. Bearing 

. Backing Plate 
. Axle Shaft 

. Oil Seal 


Figure 7 — Axle Shaft Assembly 
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5. New gasket on carrier cover. 
@ Refer to "Carrier Cover Gasket Replacement’ in 


; this section. 
6. Axle lubricant. 
= a Bolt 7. Brake drum and wheel. 
, Lock e@ Check rear axle operation. 
Figure 6 — Pinion Shaft Lock Bolt 
OIL SEAL 
Install or Connect (Figures 6 and 7) sei de Send 
1. Axle shaft into housing. 
e@ Be careful not to damage oil seal. [++]Remove or Disconnect (Figures 7 and 8) 
e Splines at end of axle shaft must engage with 
splines of rear axle side gear. Tools Required: 
2. *C" lock (21) on axle shaft. J 2619 Slide Hammer 
@ Pull axle shaft outward so "C* lock seats in J 2619-4 Adapter 
counterbore of rear axle side gear. J 22813-01 Axle Bearing Puller 
3. Pinion shaft through case and pinions. 
_ Align hole in pinion shaft with lock bolt hole. 1. Axle shaft (25). 
4, New lock bolt (22). 2. ss “tian (26) using pry bar behind steel case of 
al. 
@ Be careful not to damage housin 
ten 9g g- 
[a] Tigh 3. Bearing (23) using J 2619, J 2619-4, and J 22813- 


34 Nim (25 ft. Ibs). "01. 


It to 
e Lock bo @ Tangs of tools should engage bearing outer race. 
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Install or Connect (Figures 7, 9 and 10) 3. Propeller shaft. 
e Use a piece of tape to hold bearing caps. 
Tools Required: @ Support propeller shaft out of way. 
J 23765 Axle Shaft Bearing Installer @ Check and record preload with inch-pound torque 
J 8092 Driver Handle wrench (figure 13). This will give combined pinion 
J 23771 Axle Shaft Seal Installer bearing, seal, carrier bearing, axle bearing and 
seal preload. 


4. Pinion flange nut and washer. 
@ Hold pinion flange with J 8614-01. 


J 2619-01 


Figure 8 — Removing Axle Bearing 


J 23771 
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1. Bearing with J 23765 and J 8092 until tool bottoms 
against housing shoulder. Figure 10 — Installing Axle Seal 
e@ Lubricate bearing with gear lubricant. 

2. Seal using J 23771 until seal is flush with axle 5. Pinion flange using J 8614-01. 


tube. e@ Have suitable container to catch lubricant. 
@ Lubricate seal lips with gear lubricant. 
3. Axle shaft. ; ; Install or Connect 


Tools Required: 
J 8614-01 Companion Flange Holder 


1. Special seal lubricant (Part No. 1050169 or 
equivalent) to outside of pinion flange. 

2. New pinion flange. 

3. Washer and nut. 


F-10245 
Figure 9 — Installing Axle Bearing 


PINION FLANGE 
REPLACEMENT 


[++]Remove or Disconnect (Figures 11, 12 and 13) 


Tools Required: 
J 8614-01 Companion Flange Holder 


1. Rear wheels and drums. Figure 11 — Removing Pinion Nut 
2. Bolts and retainers. 
@ Mark pinion flange and driveshaft. 
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[A] Tighten 


e Nut a little at a time and turn pinion flange 
several times after each tightening to set rollers. 
Check bearing preload each time until preload 
is 0.3 to 0.6 Nm (8 to 5 in. lbs.) more than 
reading recorded during removal. 

4. Propeller shaft. 


NOTICE: See "Notice" on page 4B1-1 of this 
section. 


5. Retainers and bolts. 
[A] Tighten 
@ Bolts to 20 Nm (16 ft. Ibs.). 


6. Drums and wheels. 
7. Lubricant to rear axle as necessary. 


J 8614-01 
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B-08154 
Figure 13 — Checking Pinion Preload 


PINION OIL SEAL 
REPLACEMENT 


++} Remove or Disconnect (Figures 11 and 12) 


Tools Required: 
J 8614-01 Companion Flange Holder 


1. Bolts and retainers. 
@ Mark propeller shaft and pinion flange so they 
can be assembled in same position. 
2. Propeller shaft from pinion flange. 
e Use a piece of tape to hold bearings caps. 
e@ Support propeller shaft out of way. 
3. Pinion flange nut and washer. 

@ Mark pinion flange, pinion shaft, and nut so 
proper pinion bearing preload can _ be 
maintained, 

e Use J 8614-01 to hold pinion flange. 

4. Pinion.flange. 

e@ Have suitable container in place to catch 
lubricant. 

5. Oil seal by driving it out of carrier with blunt chisel. 

e@ Do not damage carrier. 


[[] inspect 
Te 


Seal surface of pinion flange for tool marks, nicks, 
or damage such as groove worn by seal. Replace 
flange if necessary, as explained under "Pinion 
Flange Replacement." 


2. Carrier bore for burrs that might cause leaks 
around outside of seal. 


[+¢]instan or Connect (Figure 14) 


Tools Required: 


J 8614-01 Companion Flange Holder 
J 23911 Pinion Oil Seal Installer 


1. New seal using J 23911. 

2. Special seal lubricant (Part No. 1050169 or 
equivalent) to outside of pinion flange and sealing 
lip of new seal. 

3. Pinion flange. 

4. Washer and nut. 


[A] Tighten 


@ Nut to same position as marked during removal. 


@ Nut 1.59 mm (4/16-inch) beyond alignment 
marks. 


— Use J 8614-01 to hold pinion flange. 


5. Propeller shaft to pinion flange. 
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NOTICE: See “Notice” on page 4B1-1 of this 
section. J 23911 


6. Bolts and retainers. 


[Al Tighten 


@ Bolts to 20 Nm (16 ft. Ibs.). 


23. Pinion Oil Seal F-10249 
Figure 14 — Installing Pinion Oil Seal 


SPECIFICATIONS 
Nm Ft. Lbs. 
MeL PION ud weewine dole aaa Meh UKM aoe ea ene 115 85 
Ltn ere MOS ose oa ave Maw ewe ade wR ee Rae ae eee 20 16 
Lower Shook Absorber Bone ovis cewes ees seuved cence 100 74 
Calor Geel BOWS ss vccca cas eee ek ee Nes Meee eens 27 20 
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SPECIAL TOOLS 


1: (= (pam J 2619-01 i vey J 35819 


J 8614-01 8. 


3 i tem J 22813-01 9, 
| 
enn ({: J 23911 10. 


~ 
CI 


J 8001-1 


my myn a 
i 
wv 


Ohi J 8001-2 


J 8001-3 


J 23409 


op J 23765 12. 


_ Side Hammer 8. Dial Indicator Clamp 
Companion Flange Holder 9. Dial Indicator Sleeve 
Axle Bearing Puller 10. Dial Indicator 

Pinion Oil Seal Installer 11. Hole Attachment 
Axle Shaft Seal Installer 12. Dial Indicator Extension 
Axle Shaft Bearing Installer 13. Universal Driver Handle 


Companion Flange Runout Gauge 


NOQaoNA 
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SECTION 5 
BRAKES 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 
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DESCRIPTION 


BRAKE SYSTEM 


NOTICE: Use only DOT 5 (GM part number 9985645 
or equivalent) brake fluid in this system. Damage to 
the brake system may result if other fluids are used 
or added. 


The brake linkage mechanically connects the brake 
pedal to the master cylinder. A power brake booster is 
installed between the pedal linkage and the master 
cylinder. , 

The hydraulic brake provides a power assist to the 
brakes. The booster system uses a booster head to 
multiply the pressure against the master cylinder when 
the brakes are applied. The booster used is a dual- 
diaphragm type. 


When pressure is applied to the master cylinder, 
brake fluid from the reservoir becomes pressurized and 
flows from the brake lines and hoses to provide a fluid 
link between the master cylinder, wheel cylinders and 
the calipers at the wheels. The calipers operate the 
foundation disc brakes at each front wheel. The wheel 
cylinders operate the drum brakes at each rear wheel. 


BRAKE FLUID 


DOT 5 brake fluid, used in the LLV brake system, 
contains silicone. This fluid is highly resistant to 
moisture build up, therefore is able to resist rust in the 
brake system over extended periods of time. DOT 5 
brake fluid is distinguishable by its purple color. When 
adding or replacing the brake fluid in this system, be 
sure to only use DOT 5 (GM part number 9985645) or 
equivalent brake fluid. 


BRAKE SYSTEM DIAGNOSIS 


ROAD TESTING BRAKES 


BRAKE TEST 
The brakes should be tested on a dry, clean, 
reasonably smooth and level roadway. A true test of 
brake performance cannot be made if the roadway is 
wet, greasy or covered with loose dirt so that all tires do 
not grip the road equally. The testing will be adversely 
affected if the roadway is crowned so as to throw the 
weight of the vehicle toward the wheels on one side or 
if the roadway is so rough that the wheels tend to 
bounce. 
Test the brakes at different vehicle speeds with both 
light and heavy pressure; however, avoid locking the 
wheels and sliding the tires on the roadway. Locked 
wheels and sliding tires do not indicate brake efficiency 
since heavily braked turning wheels will stop the vehicle 
in less distance than locked wheels. More tire-to-road 
friction is present with a heavily braked turning tire than 
with a sliding tire. 


EXTERNAL CONDITIONS THAT AFFECT 
BRAKE PERFORMANCE 

1. Tires — Tires having unequal contact and grip on’ 
the road will cause unequal braking. The tires 
must be equally inflated and the tread pattern of 
the right and left tires must be about equal. 

2. Vehicle Loading — When the vehicle has unequal 
loading, the most heavily loaded wheels require 
more braking power than the others. 

3. Front Wheel Bearings — Loose front wheel 
bearings permit the disc to tilt and have spotty 
contact with the linings causing erratic action. 

4. Front End Alignment — Misalignment of the front 
end, particularly in regard to limits on camber and 
caster, will cause the brakes to pull to one side. 
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DIAGNOSIS OF BRAKE SYSTEM 


PROBLEM POSSIBLE CAUSE CORRECTION 


Uneven Brake 1. Incorrect tire pressure. 1. Inflate tires evenly on both sides to 
Action (Brakes specifications. 
Pull) 2. Front end out of alignment. 2. Check and align to "Specifications." 
3. Loose suspension parts. 3. Check all suspension mountings. 
4. Worn out brake linings. 4. Replace with lining of correct 
material. 
5. Incorrect lining material. 5. Replace with linings of correct 
material. 
6. Malfunctioning caliper assembly. 6. Check for frozen or sluggish pistons 
; and lubrication of retainer bolts. 
Caliper should slide. 
7. Loose calipers. 7. Check and torque. 
8. Contaminated brake linings. 8. Repair as necessary. Replace linings 
in complete axle sets. 
9. Malfunctioning rear brakes. 9. Check for inoperative self adjusters. 
Weak return springs. Leaking wheel 
cylinders. 
10. Leaking wheel or piston cylinder seal. | 10. Repair as necessary. 
11. Restricted brake tubes or hoses. 11. Check for collapsed rubber hoses or 
damaged lines. Repair as necessary. 
12. Unmatched tires on same axle. 12. Same style tires with about same 
tread should be used on same axle. 


Slow Pedal 1. Compensating (peripheral) holes in 1. Replace master cylinder. 
Return quick take-up valve are clogged. 


Brakes Squeak 1. Worn out linings. 1. Replace linings. 

2. Glazed brake linings. 2. Replace linings. 

3. Heat spotted rotors or drums. 3. Check per instructions. If within 
"Specifications," machine rotor or 
drum. 

4. Weak or incorrect brake shoe 4. Replace with new retention springs. 

retention springs. 

5. Contaminated brake linings. 5. Repair as necessary. Replace linings 
in complete axle sets. 

6. Incorrect lining material. 6. Replace with lines of correct material. 

7. Brake assembly attachments missing | 7. Repair as necessary. 


or loose. 
8. Excessive brake lining dust. 8. Clean dust from brake assembly. 


Brake Pedal 1. Excessive rotor lateral runout. 1. Check per instructions. If within 
Pulsates "Specification," machine rotor. 
2. Rear drums out-of-round. 2. Check per instructions. If within 
"Specification," machine drum. 
3. Heat spotted rotors or drums. 3. Check per instructions. If within 
"Specification," machine drum. 
4. Incorrect wheel bearing adjustments. | 4. Repair as necessary. 
5. Out-of-balance wheel assembly. 5. Balance as necessary. 
6. Brake assembly attachments missing | 6. Repair as necessary. 


or loose. 
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DIAGNOSIS OF BRAKE SYSTEM (CONT.) 


Excessive Pedal 1. Leaking vacuum system. 1. Repair as necessary. 
Effort 2. Malfunctioning power brake unit. 2. Repair as necessary. 
3. Worn out linings. 3. Replace linings. 
4. Malfunctioning proportioning valve. 4. Replace combination valve. 
5. Incorrect lining material. 5. Replace with linings of correct 
materials. 
Incorrect wheel cylinder. 6. Replace with correct size wheel 
cylinder. 


7. Center orifice in quick take-up valve 


Replace master cylinder. 
clogged. 


Brake Drag Malfunctioning caliper assembly. 


Check for frozen or sluggish pistons 

and lubrication of retainer bolts. 
Caliper should slide. 

2. Repair as necessary. 

3. Adjust as necessary. 

4. Check for collapsed rubber hoses or 
damaged lines. Repair as necessary. 

5. Replace combination valve. 

6. Repair as necessary. 

ri 

8 


2. Contaminated or improper brake fluid. 
3. Improperly adjusted parking brake. 
4. Restricted brake tube or hoses. 


5. Malfunctioning proportioning valve. 
6. Malfunctioning self adjusters. 

7. Malfunctioning master cylinder. 

8. Improperly adjusted master cylinder 
pushrod, 


Repair as necessary. 
Adjust pushrod length. 


Brake Warning 


Air in brake system. 
Light Comes On 


Check fluid level. Check for leaks in 

lines, wheel cylinders, or master 
cylinder. Bleed system. 

2. Check for malfunctioning or leaking 
metering valve. Repair as necessary. 

3. Repair as necessary. 

4. Check parking brake. Repair as 
necessary. 

5. Replace linings. 

6. Repair as necessary. 

7. Repair as necessary. 

8. Replace or repair as necessary. 


Malfunctioning master cylinder. 


3. Contaminated or improper brake fluid. 
4. Parking brake on or not fully 
released. 
5. Worn out brake lining. 
6. Incorrect wheel bearing adjustment. 
7. Malfunctioning self adjusters. 
8. Brake assembly attachments missing 
or loose. 
9. Improperly adjusted master cylinder 
pushrod. 


9. Adjust pushrod length. 
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DIAGNOSIS OF BRAKE SYSTEM (CONT.) 
| prosiem | —ossisecause | CORRECTION | 


Excessive Pedal 1. Fluid level low in master cylinder . Fill reservoir with approved brake 
Travel reservoir. fluid. Check for leaks and air in 
system. Check warning lamp. 

Air in brake system. . Check for leaks in lines, wheel 
cylinders, or master cylinder. Bleed 
system. 

Malfunctioning self adjusters. . Repair as necessary. 

Master cylinder. . Replace or repair as necessary. 

Incorrect wheel bearing adjustment. . Repair as necessary. 

Improperly adjusted master cylinder . Adjust master cylinder pushrod. 

pushrod. 

Fluid bypassing quick take-up valve . Replace master cylinder. 

to reservoir. 

Leaking brake line or connections. . Repair as necessary. 

Leaking wheel cylinder or caliper. . Repair as necessary. 


NOTICE: Use only DOT 5 (GM part number 9985645 
or equivalent) brake fluid in this system. Damage to 
the brake system may result if other fluids are used 
or added. 


BLEEDING BRAKE HYDRAULIC 
SYSTEM 


A bleeding operation is necessary if air has been 
introduced into the hydraulic brake system. 

It may be necessary to bleed the system at all four 
wheels if air has been introduced by a low fluid level 
condition in the master cylinder, or if the brake pipes 
have been disconnected at either the master cylinder or 
the combination valve. If a pipe is disconnected at one 
wheel, then only bleed that particular wheel. 

The time required to bleed the hydraulic system 
when the master cylinder is removed can be reduced if 
the master cylinder is filled with fluid and as much air as 
possible is bled from the cylinder before installing it on 
the vehicle. 


NOTICE: Use only DOT 5 (GM part number 
9985645 or equivalent) brake fluid in this 
system. Damage to the brake system may result 
if other fluids are used or added. 


Figure 1 — Combination Valve Depresser 


NOTICE: Please note that pressure bleeding is 
the only recommended method of removing air 
from the hydraulic brake system. Failure to do 
so may result in air being trapped in the system. 
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PRESSURE BLEEDING (Figures 1, 2 and 3) 

The pressure bleeding equipment must be the 
diaphragm-type. It must have a rubber diaphragm 
between the air supply and the brake fluid to prevent 
air, moisture, oil, and other contaminates from entering 
the hydraulic system. Use extreme care to prevent 
brake fluid from contacting any painted surface. 


Tools Required: 
J 28434 Wheel Cylinder Bleeder Wrench 
J 29567 Brake Bleeder Adapter 
J 23709 Combination Valve Depresser 


J 29567 


1. Fill pressure tank at least 1/3 full of brake fluid. 
; Bleeder must be re-bled each time fluid is added. 
e@ Charge bleeder to 140-170 kPa (20 to 25 psi). 

2. Use J 23709 to depress and hold valve stem on 

~~ combination valve during bleeding operation 
(figure 1). 

3. Install bleeder adapter (figure 2). 

4. Bleed each wheel in the following sequence. 

@ Left rear 
e@ Right rear 
@ Left front 
@ Right front 
5. Connect hose from bleeder to adapter at master 
cylinder. 
6. Open tank valve. 
7. Attach J 28434 to brake bleeder screw (figure 3). 
8. Immerse opposite end of hose into container 
partially filled with clean brake fluid. 
9. Open bleeder screw at least 3/4 of a turn and 
allow fluid to flow until no air is seen in fluid. 

10. Close bleeder screw. J 28434 

11. Repeat steps 7, 8, 9 and 10 at all wheels. 

12. Check brake pedal for “sponginess" and brake 
warning lamp for indication of unbalanced 
pressure. Repeat entire bleeding procedure to 
correct either of these two conditions. 

13. Remove J 23709. 

14. Disconnect line from bleeder adapter. 

15. Remove bleeder adapter. 
16. Fill master cylinder to proper level with brake fluid. 


Figure 2 — Installing Bleeder Adapter 


Figure 3 — Using Wheel Cylinder Bleeder Wrench 
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FLUSHING BRAKE HYDRAULIC 
SYSTEM 


NOTICE: Use only DOT 5 (GM part number 
9985645 or equivalent) brake fluid in this 
system. Damage to the brake system may result 
if other fluids are used or added. 


It is recommended that the entire hydraulic system 
be thoroughly flushed with clean brake fluid whenever 
new parts are installed in the hydraulic system. 

Flushing is also recommended if there is any doubt 
as to the grade of fluid in the system or if fluid has been 
used which contains the slightest trace of mineral oil. 
Flush the system whenever there is any question of 
contamination. 

Flushing is performed at each bleeder valve in the 
same manner as the bleeding operation, except that the 
bleeder valve is opened 1 1/2 turns and fluid is forced 
through the lines and bleeder valves until it emerges 
clear in color as previously explained in this section. 

Check the master cylinder fluid level after flushing at 
each valve and replenish if required. When flushing is 
completed at the bleeder valves, make certain the 
master cylinder reservoir is filled to the proper level. 


BRAKE PIPES AND HOSES 


The hydraulic brake system components are 
interconnected by special steel piping and flexible 
hoses. Flexible hoses are used between the frame and 
the front calipers, and the frame and rear differential. 
When the hydraulic pipes have been disconnected for 
any reason, the brake system must be bled after 
reconnecting the pipe as previously explained in this 
section. 


FLEXIBLE HOSE 

On the front brakes, the hose is connected to the 
caliper with a bolt and copper gaskets. The fitting at 
the other end of the hose is secured at the frame with 
a stamped nut. 

At the rear differential, one end of the hose is 
connected to the differential with a bolt. The other end 
is secured at the frame with a stamped nut. 


Flexible Hose Inspection ; 
The flexible hoses should be inspected for any signs 
of road damage, cracks, or chafing of the outer cover. 
If any of these conditions are visible, replace the hose. 
Front Hose Replacement 
Remove or Disconnect (Figure 4) 


@ Clean all dirt, grease, and other foreign material off 
hose fittings at both ends. 


1. Steel pipe. 

2. Nut (3). 

3. Bolt (2) and gaskets (1). 
4. Hose (4). 


Install or Connect (Figure 4) 
1. Hose (4). 

e@ Hose must not be twisted. 
2. New copper gaskets (1). 


NOTICE: See "Notice" on page 5-1 of this 
section. 


3. Bolt (2). 


(Al Tighten 


@ Bolt (2) to 44 Nm (82 ft. Ibs.). 


4. Nut (8). 
5. Steel pipe. 
@ Bleed brakes as previously explained in this 
section. 


. Flexible Hose 


F-10123 
Figure 4 — Installing Front Brake Hose 
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[2 ]important 


e Flexible brake hoses must have at least 19 mm 
(3/4-inch) of clearance between the hose and any 
moving component. There must be 13 mm (1/2- 
inch) of clearance between the hoses and any 
vibrating component. Do not let the hose become 
twisted. Allow it to follow its own natural curvature. 


Rear Hose Replacement 


Remove or Disconnect (Figure 5) 


e Clean all dirt, grease, and other foreign material off 
hose fittings at both ends. 

Steel pipe. 

Stamped nut (7). 

Bolt (8) from retainer (41). 

Hose (6). 


Pons 


5, Bracket 
6. Hose 
7, Stamped Nut 
8. Bolt 

41. Retainer 


Figure 5 


F-10124 
—~jnstalling Rear Brake Hose 


Install or Connect (Figure 5) 


1. Hose (6). 
e Hose must not be twisted. 
2. Bolt (8) to retainer (41). 


[al Tighten 


@ Bolt (8) to 17 Nm (13 ft. Ibs.). 


3. Stamped nut (7). 
4. Steel pipe. 
e@ Bleed brakes as previously explained in this 
section. 


Important 


@ Flexible brake hoses must have at least 19 mm 
(8/4-inch) of clearance between the hose and any 
moving component. There must be 13 mm (1/2- 
inch) of clearance between the hoses and any 
vibrating component. Do not let the hose become 
twisted. Allow it to follow its own natural curvature. 


BRAKE PIPES 
When replacing a steel brake pipe always use steel 
piping which is designed to withstand high pressure 


and resist corrosion. The same size pipe must be used 
as the one removed. 


. NOTICE: Never use copper tubing for hydraulic 
brake lines because copper is subject to fatigue 
cracking, and corrosion which could result in 
brake malfunction. . 


Brake pipes that run parallel to each other must 
maintain a 6 mm (1/4-inch) clearance. 


Pipe Flaring (Figures 6, 7 and 8) 


Tools Required: 
J 23530 Flaring Tool 
J 23533-01 Tube Cutter 


In order to ensure a proper flare, special flaring tool 
J 23530 must be used. When using the tool, the 
instructions furnished by the tool manufacturer should 
be followed. Always inspect newly formed flares for 
cracks or malformations which might cause leaks. After 
flaring, blow out the brake pipe with compressed air 
before installing on the vehicle. 


NOTICE: A double lap flaring tool must be 
used, as single flaring tools cannot produce a 


flare strong enough to hold the necessary 
pressure. 
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A. Single Flare 


B. Double Flare 
B-07814 


Figure 6 — Double Flare 


F-10125 


iV \ 
J 23530 


Figure 8 — Using Double Flare Tool 


1. Use steel pipe and fittings of correct size. The 
outside diameter of the pipe is used to specify the 
size. 

2. Cut pipe to length using J 23533-01. Add 3 mm 
(1/8-inch) to length for each flare. 

3. Flare pipe ends using J 23530. 

4. Bend pipe to match old pipe by using pipe 
bender. 


COMBINATION VALVE 


The combination valve is comprised of three sections, 
each serving a different function (figure 9). 

The metering or hold off section of the valve limits the 
pressure to the front disc brakes until a predetermined 
front input pressure is reached, enough to overcome 
the rear shoe retractor springs. There is no restriction to 
the inlet pressures below 20 kPa (3 psi) to allow for 
pressure equalization during the no apply periods. 

The proportioning section of the combination valve 
proportions outlet pressure to the rear brakes after a 
predetermined rear input pressure has been reached. 
This is done to prevent rear wheel lock-up on vehicles 
with light rear wheel loads. 

The valve is designed to have a "Bypass" feature 
which assures full system pressure to the rear brakes in 
the event of a front brake system malfunction. Full front 
pressure is retained in the event of rear malfunction. 

The pressure differential warning switch is designed 
to constantly compare front and rear brake pressure 
from the master cylinder and energize the warning lamp 
on the dash in the event of a front or rear system 
malfunction. The valve and switch are so designed that 
the switch will latch in the "warning" position once a 
malfunction has occurred. The only way the lamp can 
be turned off is to repair the malfunction and apply a 
pedal force as required to develop about 3102 kPa (450 
psi) line pressure. 


ELECTRICAL CIRCUIT TEST 
1. Disconnect wire from switch on valve. 
2. Connect jumper wire from switch wire to ground. 
3. Turn ignition switch to "ON." 
e@ Warning lamp should light. 
@ If lamp will not light, check bulb. 
4. Turn ignition off. 


5. Disconnect jumper wire and connect wire to switch 
terminal. 


Valve Warning Switch Test 


Tools Required: 
J 28434 Wheel Cylinder Bleeder Wrench 


1. Raise vehicle. 
e Support it with suitable Safety stands. 
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2. Attach J 28434 to rear brake bleeder screw. 6. Repeat steps 2, 3, 4, and 5 for front brakes. 
Immerse opposite end of hose into container 7. Turn ignition off. 
partially filled with clean brake fluid. @ If warning lamp does not light during step 4, but 
e@ Make sure master cylinder reservoir is full. does light when a jumper is connected to 
3. Turn ignition switch to "ON." ground, warning switch portion of combination 
4. Open bleeder screw while a helper applies valve has malfunctioned. Do not disassemble 
moderate pressure to brake pedal. any portion of valve. It must be replaced. 
@ Warning lamp should light. 8. Lower vehicle. 
e@ Close bleeder screw before helper releases 9. Check and fill master cylinder to proper level. 
brake pedal. 
5. Reapply brake pedal with moderate to heavy 
pressure, 


@ Lamp should go out. 


A. Metering Valve 
B. Warning Switch 
C. Proportioner 


12 


9, Nut 
10. Combination Valve 


11. Bolt 
12. Mounting Bracket 


Figure 10 — Removing Combination Valve 


BRAKES 5 - 11 


VALVE REPLACEMENT 
Remove or Disconnect (Figure 10) 


e@ Combination valve is not repairable and must be 
replaced as a complete assembly. 

e@ Care must be taken to prevent brake fluid from 
contacting any painted surface. 


1. Hydraulic pipes. 
e@ Plug pipes to prevent loss of fluid or entrance of 


dirt. 
2. Warning switch connector. 
3. Bolts (11). 


4. Combination valve (10) from bracket (12). 


Install or Connect (Figure 10) 


1. Combination valve (10) on bracket (12). 
2. Bolts (11). 


[Al Tighten 


@ Bolts (11) to 17 Nm (21 ft. Ibs.). 


3. Warning switch connector. 
4. Hydraulic pipes. 
5. Bleed brake system as previously explained. 


BRAKE PEDAL ASSEMBLY 


CHECKING PEDAL TRAVEL 


Tools Required: 
J 28662 Brake Pedal Effort Gage 


At frequent intervals the brake pedal should be 
checked for travel (figure 11). Travel is the distance the 
pedal moves toward the floor from a full released 
position. This check should be made with the brakes 
cold and about 445 N (100 Ibs.) of force on the pedal 


A. Fully Released Position 


using J 28662. The pedal must be pumped at least 
three times with the engine off before making the check. 
Measure the distance from the bottom of the steering 
wheel to the brake pedal. Take the first measurement 
(A) with the brakes unapplied. Take the second 
measurement (B) with the brakes applied. Subtract 
measurement A from measurement B. This is the brake 
pedal travel. Pedal travel must not exceed 61 mm (2.5- 
inches). 


B. Applied Position; 445 N (100 LBS.) Force 
B - A = Brake Pedal Travel 


Figure 11 — 


Checking Pedal Travel 
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BRAKE PEDAL REPLACEMENT 


Remove or Disconnect (Figure 12) 


1. Dash assembly. Refer to INSTRUMENT PANEL 
(SEC 10M). 


Nut (19) and bolt (24). 

Stoplamp actuator (18). 

Cotter pin (15). 

Flat washer (21) and pushrod (22). 
Spring washer (23). 

Nut (13) and bolt (14). 

Brake pedal (20). 

Bushings (17) and spacer (16). 


OMNAAP WYP 


Install or Connect (Figure 10) 

1. Spacer (16) and bushings (17) into brake pedal 
(20). 

2. Brake pedal (20). 


NOTICE: See "Notice" on page 5-1 of this 
section. 


3. Bolt (14) and nut (13). 


[a] Tighten 


@ Nut (13) to 35 Nm (26 ft. Ibs.). 


22 21 20 


. Nut 


- 19. Nut 


4. Spring washer (23) and pushrod (22). 14, Bolt 20. Brake Pedal 
5. Flat washer (21) and cotter pin (15). 15. Cotter Pin 21. Flat Washer 

6. Stoplamp actuator (18). be caer 22. Paseaba : 
7. Bolt (24) and nut (19). » Busning 23. Spring Washer 
8. 


Dash assembly. Refer to INSTRUMENT PANEL 


18. Stoplamp Actuator 24. Bolt F-10128 
(SEC. 10M). 


Figure 12 — Brake Pedal Components 
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STOPLAMP SWITCH Adjust 
; ‘ : 7 e Refer to "Switch Adjustment" as explained in this 
The design of the switch mounting provides for an section. 
automatic adjustment when the brake pedal is returned 
to its stop. ; 2. Electrical connector. 


3, ive battery cable. 
SWITCH REPLACEMENT era ae 


SWITCH ADJUSTMENT (Figure 13) 


Remove or Disconnect (Figure 13) 1. Depress brake pedal (20) and press switch (26) in 
: until it is firmly seated in clip (27). 
1. Negative battery cable. e Audible ‘clicks" can be heard as threaded 
2, Electrical connector. portion of switch (26) is pushed through clip 
3. Switch (26). (27). 
2. Pull brake pedal (20) against pedal stop until 
Install or Connect (Figure 13) "click" can no longer be heard. 


1. Switch (26). 


18 
| 20 18. Stoplamp Actuator 
20. Brake Pedal 
= 25. Steering Column 
SEA 26. Stoplamp Switch 
27. Clip 
—- 28. Stoplamp Bracket 


F-10129 
Figure 13 — Removing Stoplamp Switch 
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PARKING BRAKE SYSTEM 


(a) Tighten 
PARKING BRAKE LEVER 
REPLACEMENT @ Bolts (29) to 30 Nm (22 ft. Ibs.). 
3. Cable. 
Remove or Disconnect (Figure 14) 4. Clamp (32). 
é p 5. Bolt and nut (31). 
1. Cotter pin, flat washer and pin (30). 6. Pin (80), flat washer and cotter pin. 
2. Bolt and nut (31). @ Check parking brake adjustment as explained 
3. Clamp (82). under "Parking Brake Adjustment" in_ this 
4. Cable. section. 
5. Bolts (29). 
6. Lever and bracket assembly. 
Install or Connect (Figure 14) CABLE REPLACEMENT 
1. Lever and bracket assembly. Important 
2. Bolts (29). 


As a1991 model year change, beginning with vehicle. 


number M2917441, a new design rear parking brake 
cable is used. 


A. Check for Locking Screw 
25. Adjustment Knob 

29. Bolts 

30. Pin 

31. Nut 

32. Clamp 

33. Spacer 


F-10130 
Figure 14 — Parking Brake Lever Components 


BRAKES 5 - 15 


——_v ee -_~ 4 


im Y= — | || 
3 (gin: 
| 


RG 
oS 


. Connector 
35. Equalizer 
36. Nut 
37. Bracket 
38. Bolt 
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Figure 15 — Removing Rear Parking Brake Cable 
(Vehicles Built Prior to Vehicle Number M2917441) 


REAR CABLE REPLACEMENT (Vehicles Built Prior to Install or Connect (Figure 15). 


Vehicle Number M2917441) - 
1. Cable assembly into backing plate and frame 


Remove or Disconnect (Figure 15) " bracket. ~ 
- @ Make sure all retaining fingers are completely 
e Raise vehicle and support it with suitable safety through backing plate and bracket. 
stands. 2. Brake shoes and drum assembly as explained 
under "Drum Brakes" in this section. 

1. Loosen nut (36). 3. Bracket (37) and bolt (38). 
2. Connector (34). 4, Connector (34). 
3. Brake drum and shoe assembly as explained 

under "Drum Brakes" in this section. [A] Adjust 

e Bend in cable retaining fingers at backing plate. 

® Bend in cable retaining fingers at frame bracket. e Refer to "Parking Brake Adjustment" as explained 
4. Bolt (38) and bracket (37). in this section. 


‘5. Cable. 
5. Lower vehicle. 
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RH REAR CABLE REPLACEMENT (VEHICLES BUILT 
AFTER VEHICLE NUMBER M2917440) 


ts 
2. 
3. 


4. 
5. 


Remove or Disconnect (Figure 16) 


Raise vehicle and support it with suitable safety 
stands. 

Loosen nut (36). 

Connector (45). 

Brake drum and shoe assembly as explained 
under "Drum Brakes" in this section. 

® Bend in cable retaining fingers at backing plate. 
e Bend in cable retaining fingers at frame bracket. 
Bolt (38) and bracket Pe 

Cable (41). 


Install or Connect (Figure 16) 


1 


Cable (41) into backing plate and frame bracket. 

e@ Make sure all retaining fingers are completely 
through backing plate and frame bracket. 

Brake shoes and drum assembly as explained 

under "Drum Brakes" in this sectoin. 

Bracket (37) and bolt (38). 

Connector (45). 


0 Adjust 


@ Refer to "Parking Brake Adjustment" as explained 


in this section. 


5. Lower vehicle. 


. Nut 
4 Sa 


" RH Rear Cable 


42 
LH Rear Cable 
LH Connector 
Equalizer Asse™ 
RH Connector 


Figure 16 — 


bly 


LH REAR CABLE REPLACEMENT (VEHICLES BUILT 
AFTER VEHICLE NUMBER M2917440) 


Remove or Disconnect (Figure 16) 


Le 
2. 
3. 


4. 
5. 


e Raise vehicle and at jai it with suitable safety 


stands. 

Loosen nut (86). 

Connector (43). 

Brake drum and shoe assembly as explained 
under "Drum Brakes" in this section. 

e@ Bend in cable retaining fingers at backing plate. 
e Bend in cable retaining fingers at frame bracket. 
Bolt (88) and bracket (37). 

Cable (42). 


Install or Connect (Figure 16) 


1. 


Cable (42) into backing plate and frame bracket. 

e@ Make sure all retaining fingers are completely 
through backing plate and frame bracket. 

Brake shoes and drum assembly as explained 

under "Drum Brakes" in this section. 

Bracket (37) and bolt (38). 

Connector (43). 


(3 Adjust 


@ Refer to "Parking Brake Adjustment" as explained " 
in this section. 
Lower vehicle. 


5. 


—Removing Rear Parking Brake Cable (Vehicles Bullt After Vehicle Number M2917440) 
e 
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FRONT CABLE REPLACEMENT 
Remove or Disconnect (Figures 15, 16 and 17) 


e Raise vehicle and support it with suitable safety 
stands. 


1. Nut (86) and equalizer (35). 
@ Bend retaining fingers. 


2. Cable from parking brake lever assembly. 
3. Bolt. 
4. Cable (39). 
e Attach piece of wire to cable to aid in 
installation. 


Install or Connect (Figures 15, 16 and 17) 


1. Cable (39). 
@ Make sure all retaining fingers are completely 
through holes. 
: Cable to parking brake pedal assembly. 
Equalizer (35) and nut (36). 


‘3 Adjust 


@ Refer to “Parking Brake Adjustment" as explained 
in this section. 


4. Lower vehicle. 


. Brush Lubricant Well Into Inside Of Equalizer 
B. 12mm 

35. Equalizer 

. Cable 

. Retaining Fingers 


Figure 17 — Front Cable Routing 


PARKING BRAKE ADJUSTMENT 


The parking brake system is comprised of a lever 
assembly, a series of cables, and actuator levers. 

The parking brakes must be adjusted whenever the 
parking brake cables have been replaced or 
disconnected, or when its holding ability is not 
adequate. Before adjusting the parking brakes, check 
the condition of the service brakes. The service brakes 
must be adjusted properly before proceeding with the 
parking brake adjustment. 


CABLE INSPECTION 

Check the parking brake system for free operation. 
The brake lever must return to the released position 
without sticking or binding. If a problem is present, 
check the cable routings for kinks or binding. Clean or 
lubricate the parking brake assembly and cables with 
Delco brake lube or equivalent. 


ADJUSTMENT (Figures 14, 15, 16 and 17) 

The parking brake must be adjusted whenever the 
parking brake cables have been replaced or 
disconnected, or when its holding ability is not 
adequate. The parking brake must also be adjusted 
whenever the rear brakes are manually adjusted or 
shoes replaced. 
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Before adjusting the parking brake, check the B. Alternate Method — Tighten nut (86) until a 
condition of the rear brakes. The rear brakes must be light drag is felt while rotating rear wheels 
properly adjusted (see "Brake Adjustment" as explained forward. 
in this section) before proceeding with the adjustment Adjust knob (25) on parking brake lever 
of the parking brake. 


clockwise until a definite snap-over-center is 
felt when parking brake is applied. 


1. Block front wheels. 8. Inspection of Front Cable Thread Adjustment 
2. Raise and support rear axle with suitable safety (figure 17): 

stands. @ With cable system fully adjusted, there should 

. Fully apply parking brake (figure 14). be a minimum of 12 mm (0.5-inch) of thread 

available at point B. If less than 12 mm (0.5- 

ie inch) is present, replace front cable as 


previously explained in this section. 
@ There may be a locking screw installed on 9. If new parking cables have been installed, release 


adjusting knob by the Post Office, which will need and fully apply hand brake lever three times to 
to be removed prior to adjusting (figure 14). obtain cable pre-stretch. Re-adjust parking brake 
as necessary. 
4. Remove all brake adjustments by tuming adjusting 10. Release brake lever and rotate rear wheels 
knob (25) on parking brake lever counterclockwise forward. There should be no brake drag. 
until snap-over-center, when brake is applied, 11. Remove safety stands, lower vehicle, and remove 
disappears. 


blocks from front wheels. 
e Continue to turn knob counterclockwise until 


brake lever starts to move forward. 
5. Turn parking brake knob (25) one full tum 


; clockwise. 
6. Make certain hand brake is still in fully applied 
position. 
7. Adjust nut (36) using one of two methods (figure 
15): 


A. Preferred Method — Using Kent-Moore Cable 
Tension Gage J 34651-A, or Burroughs Cable 
Tension Gage, BT 3375-W, or equivalent, 
installed on RH intermediate cable between 
connecting links (or between the equalizer and 
RH connector on vehicles built after vehicle 
number M2917441), tighten nut (36) to obtain 
8.4-9.0 N'm (75-80 in. Ibs.) (Kent-Moore) or 
667 N (150 Ibs.) (Burroughs) cable tension. 
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- MASTER CYLINDER 


1. Torque Nut 
2. Bracket 
3. Master Cylinder 


Figure 18 — Removing Master Cylinder 


DESCRIPTION 2. Prevailing torque nuts (1) and bracket (2). 
3. . Master cylinder (8). 


The master cylinder is designed for use with a ++] Install or Connect (Figure 18) 
system using low drag calipers. In addition to the 


standard master cylinder functions, a quick take-up e Prior to installation, refer to "Bench Bleeding" as 
feature is included. This provides a large volume of explained in this section. 

fluid to the wheels at low pressure with the initial brake 

application. This large volume of fluid is needed to 1. Master cylinder (3). 

overcome the clearance created by the seals retracting 


the pistons into the front calipers and the spring NOTICE: See "Notice" on page 5-1 in this 
retraction of the rear brake shoes. section. 
MASTER CYLINDER 2. Bracket (2) and prevailing torque nuts (1). 
E 
REPLACEMENT El] Tighten 
Remove or Disconnect (Figure 18) @ Torque nuts (1) to 27 N'm (20 ft. Ibs.). 
@ Apply vehicle parking brakes. 3. Brake pipes. 
@ Bleed brakes as previ i i i 
ia wee os previously explained in this 
e Cover ends of pipes to prevent dirt from e Release parking brakes. 


entering system. 
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BENCH BLEEDING 


The purpose of bench bleeding is to remove the air 
from the master cylinder so when it is installed on the 
vehicle, brake system bleeding will be reduced. 


1. 


2. 


Plug outlet ports and mount master cylinder in vise 

with front end tilted slightly down. 

Fill reservoir with clean brake fluid. 

e Using smooth rounded end tool, stroke primary 
piston about 25 mm (1-inch) several times. As 
air is bled from master cylinder with outlets 
plugged, resistance to primary piston travel will 
not allow full 25 mm (1-inch) stroke. 


3. Position master cylinder in a vise with front end of 


master cylinder tilted slightly up. Again stroke 
primary piston about 25 mm (1-inch) several times. 


4. Reposition master cylinder in a vise to level 


position. Loosen plugs one at a time and push 
piston into bore to force air from cylinder. To 
prevent air from being sucked back into cylinder, 
tighten plug(s) before allowing piston to return to 
its original position. 


NOTICE: Use only DOT 5 (GM part number 
9985645 or equivalent) brake fluid in this 
system. Damage to the brake system may result 
if other fluids are used or added. 


5. Fill reservoir. 
@ Normal bleeding procedures should be followed 
after the master cylinder is installed. 


COMPOSITE MASTER CYLINDER 
UNIT REPAIR 


NOTICE: Do not hone the master cylinder bore. 
When the brake master cylinder is overhauled, 
it is recommended that the cylinder body be 
replaced rather than "cleaned up" by honing the 
bore. The master cylinder has a hard, highly 
polished ‘“bearingized" surface, which is 
produced by diamond boring followed by ball or 
roller burnishing under heavy pressure. Honing 
will destroy this surface which will cause rapid 


wear of rubber cups. 


- Do not use kerosene, gasoline, or any 
NE reparoctl solvents for cleaning or 
tushing master cylinder and components. The 
pecrigerty solvents or any other with a 


ese as 
sonal oil, will damage rubber parts. 


1. 


2. 
3. 


Disassembly (Figures 19 and 20) 


Cover (4). 

@ Diaphragm (5). 

Drain all brake fluid from reservoir. 
Reservoir (6) and grommets (7) (figure 20). 


8. 
Clean 


e@ Clamp mounting flange of cylinder in a vise and 
pry reservoir off with a bar. 


4. Snap ring (14). 
5. Primary piston assembly (15). 


CAUTION: In the following step if alr pressur_ Is 
used to remove the secondary piston, place the 
open end of the cylinder bore approximately 25 
mm (1-Inch) from a padded workbench or other 
surface to catch the piston when It comes out of 
the bore. Apply low air pressure very carefully to 
ease the piston out of the bore. Never point the 
open end of the bore at anyone when applying alr 
pressure. The piston may come out of the bore 
with considerable force and cause personal injury. 


6. Secondary piston (12). 


e With rear port plugged apply a small amount of 
air pressure to front port. 


7. Seals (11 and 13). 


Spring retainer (10) and spring (9). 


@ All metal parts in denatured alcohol. 

@ All rubber parts in clean brake fluid. 

@ Stained or discolored cylinder bore with crocus 
cloth. 


Inspect 


e@ Diaphragm for cuts, cracks, or swollen condition. 
@ Cylinder bore for scoring or corrosion. If corrosion 


is present replace cylinder, do not attempt to hone 
bore. 


@ Reservoir for cracks. 


[+%+] Assemble (Figures 19 and 21) 


@ Lubricate grommets, seals, and cylinder bore with 
clean brake fluid. 

Spring (9) and spring retainer (10). 

Seals (11 and 13) onto secondary piston (12). 
Secondary piston (12). 

Primary piston assembly (15). 


a ode dea 
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5. Snap ring (14). 
@ Primary piston must be compressed when 
installing snap ring. 
6. Grommets (7). 
7. Reservoir (6) (figure 20). 
@ Press on body while using a rocking motion. 
8. Diaphragms (5) into cover (4). 
9. Cover (4). 


Figure 20 — Removing Reservoir 


A. Wood Block 


F-00772 
Figure 21 — Installing Reservolr 


. Diaphragms 

. Reservoir 

. Grommet 

. Quick Take-Up Valve . Secondary Seal 
. Spring . Snap Ring 

. Spring Retainer . Primary Piston 

. Primary Seal Assembly 

. Secondary Piston . Body F-10134 


Figure 19 — Composite Master Cylinder Components 
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. Silencer 

. Vacuum Check Valve 1 
. Grommet 

. Front Housing Seal 

. Primary Piston Bearing 

. Rear Housing 

. Front Housing 

. Return Spring 

. Piston Rod (Gaged) 

. Reaction Retainer 

. Power Head Silencer 

. Diaphragm Retainer 

. Primary Diaphragm 

. Primary Support Plate 

. Secondary Piston Bearing 
. Housing Divider 

. Secondary Diaphragm 

. Secondary Support Plate 
. Reaction Disc 

. Reaction Piston 

. Reaction Body Retainer 

. Reaction Body 

. Air Valve Spring 

. Reaction Bumper 

. Retaining Ring 

. Filter 

. Retainer 

. O-Ring 

. Air Valve Pushrod Assembly 
. Power Piston 


Boot 


F-05892 
Figure 22 — Tandem Vacuum Booster Components 
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VACUUM BOOSTER 


DESCRIPTION 6. Vacuum booster (34). 
7. Gasket (35). 


The booster is a tandem vacuum suspended unit. In Install or Connect (Figure 23) 
a normal operating mode, with the service brakes in the 
released position, the booster operates with vacuum on NOTICE: 
both sides of its diaphragms. When the brakes are 
applied, air at atmospheric pressure is admitted to one 


For steps 3 and 7 see "Notice" on 
page 5-1 in this section. 


side of each diaphragm to provide the power assist. 1. Gasket (35). 
2. Vacuum booster (34). 
VACUUM BOOSTER 3. Booster mounting nuts (36). 
REPLACEMENT 
By Tighten 
Remove or Disconnect (Figure 23) @ Nuts to 27 Nm (20 ft. Ibs.). 
e Apply vehicles parking brakes. 4. Booster pushrod as previously explained in this 


Master cylinder mounting nuts. 


section. 
2. Master cylinder. 


: 5. Vacuum hose. 

e@ Support master cylinder. 6. Master cylinder. 
3. Vacuum hose from check valve. oe 7. Master cylinder mounting nuts. 
4. Booster pushrod as previously explained in this 

section. [a] Tighten 
5. Booster mounting nuts (36). 

@ Mounting nuts must be removed from inside @ Nuts to 27 Nm (20 ft. Ibs.). 

vehicle. 


34. Vacuum Booster Assembly 
35. Gasket 
36. Nut 

35° 


Figure 23 — Removing Vacuum Booster 
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TANDEM DIAPHRAGM 
UNIT REPAIR 


[+4] Remove or Disconnect (Figures 22, 24, 25, and 
26) 


Tools Required: 
J 23456 Power Brake Booster Disassembly and 
Reassembly Fixture 


1. Boot (1) and silencer (2) (figure 22). 
2. Vacuum check valve (3) and grommet (4). 
3. Front housing seal (7). 
@ Scribe mark on front and rear housings to aid in 
assembly. 
@ Unlock front and rear housings using J 23456 
(figure 24). 
4. Return spring (11) and power piston group (37) 
(figure 25). 
5. Primary piston bearing (8) from rear housing (9) 
(figure 22). 
6. Piston rod (12), reaction retainer (13) and power 
head silencer (14). 
7. Power piston assembly (38) along with pushrod 
(82) (figure 26). 
e Grasp assembly at outside edge of housing 
divider (19) and diaphragms (16 and 20) (figure 
22 


@ Hold with pushrod (32) down against hard 
surface. 
e Use slight force or impact to dislodge 
diaphragm retainer (15). 
8. Primary diaphragm (16) and primary support plate 
(17) from housing divider (19). 
9. an diaphragm (16) from primary support plate 
10. Secondary diaphragm (20) and secondary support 
plate (21) from housing divider (19). 
11. Secondary piston bearing (18) from housing 
divider (19). 
12, Secondary diaphragm (20) from secondary 
support plate (21). 
13. Reaction body retainer (24). 
14. Reaction body (25). J 
15. Reaction disc (22) and reaction piston (23) from 
reaction body (25). 
16. Air valve spring (26) and reaction bumper (27) 
from end of air valve pushrod (32). — 
17. Retaining ring (28) from air Vane PUREE 
assembly (32). ' : 
18. Air ave anes assembly (32) as pee 
screwdriver through pushrod eyelet and p 
straight out. : 
* Conuerabts force will be oe 4) from air 
19. Filter (29), retainer (30) and O- 
valve pushrod assembly (32). 


Inspect 


e All parts for corrosion, nicks, cracks, cuts, scoring, 
distortion or excessive wear. Replace parts as 
necessary. 

e Use crocus cloth to polish away minor corrosion of 
housings or diaphragm support. 


Clean 


@ All parts in clean denatured alcohol. 
— Do not immerse power piston and pushrod 
assembly in alcohol. 
@ Dry with unlubricated compressed air. 


. Primary Piston Bearing 
. Rear Housing 

. Front Housing 

. Return Spring 

. Power Piston Group 


Figure 25 — Booster Inner Components 
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Install or Connect (Figures 22, 27, 28, 29, and 


10. 


Ti, 


pr 


13. 


14. 


15. 


16. 


29) 


Tools Required: 
J 23456 Power Brake Booster Disassembly and 
Reassembly Fixture 
J 28458 Power Piston Seal Protector 
J 22647 Pushrod Height Gage 


Lubricated O-ring (81) onto air valve pushrod 
assembly (32) (figure 22). 

Air valve pushrod assembly (32) into power piston 
(38). 

Retainer (30) and seat. 

Filter (29) over pushrod eyelet and into power 
piston (38). 

Retaining ring (28) onto air valve pushrod 
assembly (32). 

Reaction bumper (27) and air valve spring (26). 


Reaction piston (23) and reaction disc (22) into’ 


reaction body (25). 

Reaction body (25). 

Reaction body retainer (24). 

e Lubricate inside diameter of secondary 
diaphragm (20) lip, inside diameter of primary 
diaphragm (16) lip and secondary piston 
bearing (18) with thin layer of silicone grease. 

Secondary diaphragm (20) into secondary support 

plate (21). ; 

Secondary diaphragm (20) and support plate (21) 

over power piston assembly (38) and pushrod (32) 

(figure 27). 

e Use J 28458 as guide to protect power piston. 

Secondary piston bearing (18) into housing divider 

(19) with flat surface of bearing on same side as 

six raised lugs on divider (figure 22). 

Secondary piston bearing (18) and housing divider 

(19) over power piston assembly (38) and pushrod 

(32). Use J 28458 as guide (figure 28). 

Primary diaphragm (16) into primary support plate 

(17) (figure 22). 

e Fold primary diaphragm (16) up, away from 
primary support plate (17). 

Primary diaphragm (16) and support plate (17) 

over power piston assembly (38) and pushrod 

(32). 

e Fold primary diaphragm (16) back into position 
and pull outside edge of diaphragm over 
formed flange of housing divider (19). 

e Check that beads on secondary diaphragm (20) 
are seated evenly around complete 
circumference. 

New diaphragm retainer (15) and seat using J 

28458. 


Tt. 


18. 


13. Reaction Retainer 
14. Power Head Silencer 

15. Diaphragm Retainer 

16. Primary Diaphragm 

17. Primary Support Plate 

18. Secondary Piston Bearing 


Silencer (14), reaction retainer (13) and piston rod 

(12). 

e Lubricate inside and outside diameters of 
primary piston bearing (8) with silicone grease. 

Primary piston bearing (8) into rear housing (9). 


. Piston Rod (Gaged) 


Housing Divider 

. Secondary Diaphragm 
. Secondary Support Plate 
. Power Piston Assembly 
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_ Figure 26 — Power Piston Group 
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19. Power piston group (37) into rear housing (9). 
20. Return spring (11). 
@ Align scribe marks on housings (9 and 10). 
e Lock front and rear housings using J 23456 
(figure 24). 
e Stake housing after locking. Stake two tabs 80 
degrees apart (figure 29). 
e Do not stake tab that has been previously 
staked. 
e Assembly can be aided by connecting vacuum 
source to booster. 
e Lubricate inside and outside diameters of 
grommet (4) and front housing seal (7) with thin 
layer of silicone grease (figure 22). 
21. Grommet (4) and vacuum check valve (3). 
22. Front housing seal (7). 
23. Silencer (2) and boot (1). 
e@ Gage the piston rod (figure 30). 
e Use J 22647. If not within limits, obtain service’ 
(adjustable) piston rod. 


18. Secondary Piston Bearing . 
19. Housing Divider 

20. Secondary Diaphragm 

38. Power Assembly Assembly 


Figure 28 — Assembling Housing Divider 


B. Unstaked Tab 


C. Staking Tab Socket 


A. Diaphragm Lip 
20. Secondary Diaphragm 
21. Secondary Support Plate 
38. Power Piston Assembly 


Figure 29 — Staking Tabs 
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Figure 27 — Assembling Secondary 
Diaphragm and Support 
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F-05891 
Figure 30 — Gaging Piston Rod 


DISC BRAKES 


DESCRIPTION 


The disc brake assembly consists of a caliper and 
piston assembly; rotor, linings and an anchor plate. 
The caliper is mounted to the anchor plate, which 
allows the caliper to move laterally against the rotor. 
The caliper is a one-piece casting with the inboard side 
containing the piston bore. A square cut rubber seal is 
located in a groove in the piston bore which provides 
the hydraulic seal between the piston and the cylinder 
wall. 


OPERATION 

As the brake pedal is pressed, hydraulic pressure is 
applied against the piston. This pressure pushes the 
inboard brake lining against the inboard braking surface 
of the rotor. As the force increases against the rotor, 
the caliper assembly moves inboard and provides a 
clamping action on the rotor. 

When the brake pressure is released, the piston seal 
returns to its normal position, pulling the piston back 
into the caliper bore. This will create a running 
clearance between the inner brake lining and the rotor. 

If certain conditions exist, the running clearance may 
become insufficient. Brake pulsating, due to variations 
in rotor thickness, will result. If severe, pulsation may 
occur even when the brakes are not applied. To cause 
rotor thickness variation, three conditions must exist 
simultaneously: 

e The rotor/bearing system runout is out of 
specification enough to cause high spots on the 
rotor surface(s). 

® The caliper is dragging, causing the inboard or 
outboard lining to contact the high spots on the 
rotor. Ca 

@ The lining material is abrasive enough to cause 
wear on the high spots, thereby causing a rotor 
thickness variation within only several hundred 
miles. 

To properly diagnose causes of brake pulsation, refer 

to Servicing Rotor, System Runout and Thickness 
Variation inspection procedures in this section. 


BRAKE LINING INSPECTION 


Check the outer pad by looking at each end of the 
Caliper (figure 31). Check the lining thickness on the 
inner pad by looking down through the inspection hole 
in the top of the caliper housing. Whenever the lining 
is worn to about the thickness of the pad, the lining 
should be removed for further measurements. The pad 
should be replaced anytime the lining is worn to within 
0.08mm (1/32-inch) of a rivet head or the pad itself. 


F-10140 
Figure 31 — Lining Inspection Points 
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The disc brake pads have a wear indicator that 
makes a noise when the linings are worn and need 
replacement (figure 32). 


Also check for flatness of the brake pads. Place the 
inboard and outboard lining surfaces together and 
check for a gap between the lining surfaces. This gap 
should not exceed 0.13mm (0.005-inch) at the middle of 
the lining surfaces. This applies to new or used brake 
pads. 


BRAKE LINING REPLACEMENT 


[+>] Remove or Disconnect (Figure 33) 


1. Two-thirds of brake fluid from master cylinder. 
e Raise vehicle and support it with suitable safety 


stands. 
2. Wheel and tire assembly, refer to WHEELS AND a ee 
TIRES (SEC. 3E). : ec ea y 
@ Position C-clamp around outer pad and caliper ‘ Bushi 
and tighten until piston bottoms in its bore shetiraie 
3, ical ee . Retainer Spring 
4. Mounting bolts (figure 35). . oe Pad 
5. Caliper assembly (1). . Outboard Pad 


e Suspend caliper from suspension (figure 36). 


Important 


@ Do not allow brake components to hang from 
flexible hoses. Damage to hoses may occur. 


Figure 33 — Disc Brake Linings 


. Inboard pad (6). 
Retainer spring (5). 
Outboard pad (7). 
Sleeves (2). 
Bushings (8 and 4). 


SHDOND 


B-07796 
Figure 34 — Compressing Caliper Piston 


Figure 32 — Warning Sensor 
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Inspect 


Inside of caliper assembly for signs of fluid 
leakage. If found, refer to "Rebuilding the Caliper 
as explained in this section. 

Mounting bolts and sleeves for corrosion. Do not 
attempt to polish away corrosion, replace bolts. 


Install or Connect (Figure 33) 


{ 
2 
3 
4 
5. 
6. 


Lubricate sleeves and caliper mounting bolt 
bushings with Delco Silicone Lube or equivalent 
(figure 37). 

Bushings (8 and 4). 


. Sleeves (2). 


Retainer spring (5) onto inboard pad (6). 
Inboard pad (6). 


Outboard pad (7). 


Caliper assembly (1). 
Important 


Flexible brake hose must have at least 19 mm 
(3/4-inch) of clearance between the hose and any 
moving component. There must be 13mm (1/2- 
inch) of clearance between the hoses and any 
vibrating component. Do not let the hose become 
twisted. Allow it to follow its own natural curvature. 


NOTICE: See "Notice" on page 5-1 in this 
section. 
7. Mounting bolts (figure 35). 


[Ql Tighten 


8. 


@ Bolts to 50 Nm (37 ft. Ibs.). 


Compress pad ears to caliper (figure 38). 


Measure (Figure 39) 


e Clearance between caliper and_ steering 
knuckle. Clearance at each end of caliper 
should be measured individually and added 
together, this total should be between 0.26-0.60 
mm (0.010-0.024-inches). 


Important 


The clearance between the brake caliper and the 
steering knuckle must be checked with the caliper 
in position and the mounting bolts tightened to 
specification. Too much clearance will cause a 
clunking noise whenever the brakes are applied. 
Too little clearance, or none at all, will cause 
caliper drag. The caliper bracket stops can be filed 
(figure 39) to obtain the proper clearance. 


9. Wheel and tire assembly, refer to WHEELS AND 


TIRES (SEC. 3E). 
@ Lower vehicle. 


Important 


@ Before moving vehicle, pump brake pedal several 
times to make sure that pedal is firm. Do not 
move vehicle until firm pedal is obtained. Check 
brake fluid level in the master cylinder after 
pumping brakes. 


Figure 36 — Suspending Caliper 
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FILL SPACE BETWEEN 
BUSHINGS WITH 
SILICONE GREASE 


3 


3. Bushings 
12. Caliper Housing 
13. Mounting Bolt and 
Sleeve Assembly 


Figure 38 — Compressing Pad Ears 


SERVICING ROTOR 


In the manufacturing of the brake rotor, all the 
tolerances regarding surface finish, parallelism, and 
lateral runout are held very closely. The maintenance 
of these tolerances provide the surface necessary to 
prevent brake roughness. 

Light scoring of the rotor surface not In excess of 
0.38 mm (0.15-inch) in depth is normal. This condition 
does not affect the brake operation. 


SYSTEM RUNOUT 
System runout is the combined tolerances of the 


rotor runout and the bearing runout. If both ae 
are at their respective tolerance limits but are = 2 
specifications, total system runout can still ses mek 
specification. If either the bearing or rotor sete 
of specification, system runout will also be a 


Checking System Runout 

1. Install wheel mounting nuts, inverted, to the studs on 
the rotor. Tighten to specifications in the proper 
sequence. REFER TO WHEELS AND TIRES (SEC. 


3E). 


NOTICE: Over tightening the wheel mounting nuts 
can cause a rotor runout condition. 


2. Install a dial indicator so that the measurement will 
be taken 13mm (0.5-inch) from the outer edge 
(Figure 39). 

3. Zero the dial indicator. 

4. Rotate the rotor one full revolution and observe the 
total indicated runout. 

e@ Runout must not exceed 0.08mm (0.003-inch). 
@ If specifications are exceeded, refinish the rotor as 
described in this section. 


0.26 - 0.60 mm 
(0.010 - 0.024-inch) 


Figure 39 — Checking Caliper Clearances 


LATERAL RUNOUT 

Lateral runout is the movement of the rotor from side- 
to-side as it rotates on the spindle. This could also be 
referred to as "rotor wobble." 

This movement causes the brake pad and piston to 
be knocked back into its bore. This results in additional 
pedal travel and a vibration during braking. 


Checking Lateral Runout (Figure 40) 
1. Tighten wheel bearings to eliminate all free play. 
2. Attach dial indicator to some _ portion of 
suspension. 
@ Point of stylus must contact rotor face about 25 
mm (1-inch) from rotor edge. 
3. Move rotor one complete rotation. 
@ The lateral runout should not exceed 0.10 mm 
(0.004-inch). 
4. Readjust wheel bearings. 
SUSPENSION (SEC. 3C). 


Refer to FRONT 
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THICKNESS VARIATION 
Thickness variation,-or parallelism of the rotor, should 
also be checked whenever a brake pulsation is felt. 


Checking Thickness Varlation 

To check the thickness variation, measure the 
thickness of the rotor at four or more points at the same 
distance from the outer edge. A rotor with a thickness 
variation of more than 0.013mm (0.0005 -inch) must be 
refinished or replaced. 


ROTOR REFINISHING 

Normal replacement of brake linings does not warrant 
machining the rotors. Rotors should only be machined 
to repair a pulsating condition or remove scoring 
damage from old linings. 


Rotor Refinishing Recommendations 

When refinishing a brake rotor, refer to the 
specifications described in the chart (Figure 41). This 
will return the proper surface finish that is required on 
a new rotor and provide constant brake performance 
and long brake lining life. When servicing a rotor for a 
pulsating condition, remove at least 0.025mm (0.010- 
inch) from each side. 


Figure 40 — Checking Lateral Runout 


BRAKE ROTOR FINISHING 
Rough Out 


Spindle Speed 150 rpm 150 rpm 


Depth of Cut Per Side | .005 inch .002 inch 
Tool Cross Feed 0.006 -.010 inch © .002 inch max. 
Vibration Dampener Yes Yes 

Swirl Pattern-120 GRIT | No Yes 
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Figure 41 — Brake Rotor Finishing 
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REBUILDING CALIPER 


Remove or Disconnect (Figure 42) 


@ Drain all fluid from caliper. 
@ Pad interior of caliper with clean shop towels. 


CAUTION: Do not place your fingers In front of 
the piston In an attempt to catch or protect it when 
applying compressed alr. This could result In 
serious Injury. 


NOTICE: Use just enough air to ease the piston 
out of the bore. If the piston is blown out, even 
with padding provided, it may be damaged. 


1. Piston (10) (figure 43). 
2. Boot (11) (figure 44). 
@ Use care not to scratch housing bore. 
3. Piston seal (9). 
@ Do not use any type of metal tool. 
Bleeder valve (8). 


4. 
Clean 


@ Bleeder valve, caliper bore, caliper passages, and 
piston with denatured alcohol. Use dry, filtered 
compressed air to dry parts and blow out 
passages. 


Inspect 


@ Piston for scoring, corrosion and any damage to 
chrome plating, replace if found. 

@ Caliper bore for scoring, pitting or corrosion. Use 
crocus cloth to polish out any light corrosion. 
Replace caliper if corrosion cannot be removed. 


Install or Connect (Figure 42) 


Tools Required: 
J 26267 Piston Seal Installer 


e Lubricate new piston seal, caliper bore, and piston 
with clean brake fluid. 


1. Piston seal (9). 
e Make sure seal is not twisted in caliper bore 


groove. 
Boot (11) onto piston (1 0). 


P 10). ; 
Lae: if ) - caliper housing counter bore using 


J 26267 (figure 45). 
5. Bleeder valve (8). 


ON 


. Bleeder Valve 

. Piston Seal - 

. Piston 

. Boot 

. Caliper Housing 


Figure 42 — Caliper Components 


F-10145 
Figure 44 — Removing Boot 
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Figure 45 — Installing Caliper Boot 


DRUM BRAKES 


DESCRIPTION 


The drum brake assembly is a duo-servo design. 
Force which is applied by the wheel cylinder to the 
primary shoe is multiplied by the primary lining friction 
to provide a large applied force to the secondary shoe. 
The torque from the brake shoes is transferred to the 
anchor pin and through the backing plate, to the axle 
flange. Brake adjustments are automatic and are made 
during reverse brake applications. 


BRAKE LINING REPLACEMENT 


[+9] Remove or Disconnect (Figure 46) 


e Raise vehicle and support with suitable safety 
stands. 


Wheel and tire assembly. Refer to WHEELS AND 
TIRES (SEC. 3E). 

Drum. 

Return spring (9 and 10). 

Shoe guide (5). 

Hold down springs (11). 

Hold down pins (1). 

Actuator lever (7) and lever pivot (12). 

Lever return spring (13). 

Actuator link (8). 

Parking brake strut (6) and strut spring (14). 
Parking brake lever (8). 

Shoes (17 and 4). 

Adjusting screw assembly (15). 

Adjusting screw spring (16). 
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Inspect Important 


@ All parts for discoloration due to heat or stress. @ Donot interchange right and left adjusting screws. 
Replace if necessary. 
@ All parts for signs of wear. Replace if necessary. 2 
@ Wheel cylinder for signs of leakage. Refer to 3. 
"Rebuilding Wheel Cylinder as explained in this 4. Strut spring (14) onto parking brake strut (6). 
section. 5. Parking brake strut (6). 
@ Brake drum for scoring, machining tolerance. Refer 6. Actuator lever (7) and lever pivot (12). 
7. 
8 
9 
10 


Shoe assembly to backing plate. 
Parking brake lever (3). 


to "Servicing Brake Drum" as explained in this . Actuator link (8). 
section. Lever return spring (13). 
Hold down pins (1). 
. Hold down springs (11). 
11. Shoe guide (5). 
@ Lubricate shoe pads and adjusting screw threads 12. Return springs (9 and 10). 


Install or Connect (Figure 46) 


with thick coat of white lithium grease. 13. Drum. 
14. Wheels and tire assembly. Refer to WHEELS AND 
1. Adjusting screw assembly (15) and adjusting TIRES (SEC. 3E). 
screw spring (16) and both shoes (17 and 4). e Adjust brakes as previously explained in this 
@ Coils of adjusting screw spring must not touch section. 


adjusting screw. 


. Hold Down Pins 

. Backing Plate 

. Parking Brake Lever 

. Secondary Shoe 

. Shoe Guide 

. Parking Brake Strut 

Actuator Lever 

. Actuator Link . Lever Return Spring 
Return Spring . Strut Spring 

. Return Spring . Adjusting Screw Assembly 
. Hold Down Springs . Adjusting Screw Spring 
. Lever Pivot . Primary Shoe 


OMNANMAWND = 


F-05514 


Figure 46 — Drum Brake Components 
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SERVICING BRAKE DRUM 


Whenever the brake drums are removed, they should 
be thoroughly cleaned and inspected for cracks, 
scores, deep grooves and out-of-round. 


CRACKED, SCORED, OR GROOVED DRUM 

A cracked drum is unsafe for further service and 
must be replaced. Do not attempt to weld a cracked 
drum. 

Smooth up any slight scores. Heavy or extensive 
scoring will cause excessive brake lining wear, and it 
will probably be necessary to machine the drum braking 
surface. 

If the brake linings are slightly worn and the drum is 
grooved, the drum should be polished with fine emery 
cloth but should not be machined. At this stage, 
eliminating all the grooves in the drum and smoothing 
the ridges on the lining would necessitate removal of 
too much metal and lining, while if left alone, the 
grooves and ridges match and satisfactory service can 
be obtained. 

If brake linings are to be replaced, a grooved drum 
should be machined. A grooved drum, if used with new 
lining, will not only wear the lining, but will make it 
difficult, if not impossible, to obtain efficient brake 
performance. 


OUT-OF-ROUND OR TAPERED DRUM 

An out-of-round drum makes accurate brake shoe 
adjustment impossible and is likely to cause excessive 
wear to other parts of the brake mechanism due to its 
eccentric action. An out-of-round drum can also cause 
severe and irregular tire tread wear as well as a pulsing 
brake pedal. When the braking surface of a brake 
drum exceeds the specification limits in taper and/or 
out-of-round, the drums should be machined to true up 
the braking surface. Out-of-round as well as taper and 
wear can be accurately measured with an inside 
micrometer fitted with proper extension rods. 

When measuring a drum for out-of-round, taper and 
wear, take measurements at the open and closed 
edges of machined surface and at right angles to each 
other. 


MACHINING THE DRUM 

lf a drum is to be machined, only enough metal 
should be removed to obtain a true, smooth braking 
surface. If a drum does not clean up when machined 
to the maximum diameter it must be replaced. Refer to 
"Specifications" as explained in this section. Removal of 
more metal will affect dissipation of heat and may cause 
distortion of the drum. 


All brake drums have a maximum diameter cast into 
them. This diameter is the maximum wear diameter, not 
a refinish diameter. Do not machine a brake drum that 
will not meet specification. Refer to "Specifications" as 
explained in this section. 


BRAKE ADJUSTMENT 


A manual adjustment of the rear brakes is required 
after the rear linings have been replaced. The front disc 
brakes require no adjustment. 


1. Remove lanced area in brake backing plate. 
@ Metal lanced area must be removed from brake 
assembly. 


Adjust 


e Brake adjusting screw until wheel can just be 
turned by hand. 

e Brake drag should be equal at both wheels. 

@ Back off adjusting screws 24 notches. 


Important 
e 


Brakes should have no drag after screw has been 
backed off about 12 notches. If heavy drag is 
present, refer to "Parking Brake Adjustment" as 
previously explained in this section. 


2. Install an adjusting hole cover in brake backing 


plate. 
3. Check parking brake adjustment. 
WHEEL CYLINDER 
REPLACEMENT 


Remove or Disconnect (Figure 47) 


1. Brake linings as previously explained in this 
section. 

Brake pipe. 

Bolts (18). 

Wheel cylinder (19). 


PON 
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Install or Connect (Figure 47) 


1. Wheel cylinder (19). 
2. Bolts (18). 


[a] Tighten 


@ Bolts (18) to 5.5 Nm (48 in. Ibs.). 


Brake pipe. 

Brake linings as previously explained in this 

section. 

@ Bleed brake system as previously explained in 
this section. 


REBUILDING WHEEL CYLINDER 


ale 


Remove or Disconnect (Figure 48) 


1. Remove wheel cylinder as previously explained in 
this section. 

2. Boots (23). 

3. Pistons (22). 

4. Seals (21). 
Spring assembly (24). 


5. 
Inspect 


@ Cylinder bore for scoring and corrosion. 
e Spring assembly for signs of discoloration due to 
heat. Replace if necessary. 


Clean 


@ Inside cylinder bore with crocus cloth. If bore is 
still scored, replace cylinder. 
@ Cylinder with clean brake fluid. 


Install or Connect (Figure 48) 


e Lubricate seals and cylinder bore with clean brake 
fluid. 

Spring assembly (24). 

. Seals (21). 

. Pistons (22). 

Boots (23). : ' iar 
Wheel cylinder as previously explained in this 
section. 


OPhON = 


18. Bolt 
19. Wheel Cylinder 
F-10146 
Figure 47 — Removing/Installing 
Wheel Cylinder 


. Bleeder Valve 
21. Seal 
22. Piston 
. Boot 
. Spring Assembly . F-10147 


Figure 48 — Wheel Cylinder Components 
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SPECIFICATIONS 


JB3 LOW DRAG BRAKE SYSTEM 


MASTER CYLINDER 


Bore Diameter j2axsemm 


Part Number 18014308 
Manufacturer 


VACUUM BOOSTER 


Type Vacuum-Dual Diaphragm 
Type 
Part Number 18014326 


BRAKE FLUID 
Brake Fluid DOT 5 (GM Part Number 9985645 or 
Equivalent) 
FRONT BRAKES 


Disc =i 81/2 x Finch 
Disc Pad Code 117 FE 


Rotor Thickness: 


— Original 1.03 inch 
— Maximum Finish .980 inch 
— Replacement (Discard) .965 inch 


REAR BRAKES 


Drum Diameter: 

— Original 

— Maximum Finish 

— Replacement (Discard) 


9.50 inch 
9.56 inch 
9.59 inch 
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TORQUE SPECIFICATIONS 
N'm Ft. Lbs. In. Lbs. 
Brake Pocal Mounting NUL cc iccccscsseacesvdeeenwtues 35 26 
Calper MOUNT BOE si. csceksecceeneeeeenensaverenewe en 50 37 
Front Fit MOG6 BOE . 6 cc vscecsevassranteseniseses ees Ae 32 
Master Cylinder Mounting Nut .........2cccceeeevnveee 27 20 
Parking Brake Pedal Mounting Bolt..........0eceeeeeees 14 10 
Vacuum Booster Mounting Nuts ..........c cece eee eeees 27 20 
Rear Brake Hose to Bracket Bolt ........cccccccssccees 17 21 
Parking Brake Mounting Boms ...cccacecewessecncncsnns 30 22 


Wheel Cylinder to Flange Plate Bolt ........ ccc eeeeeeees 5.5 48 
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SPECIAL TOOLS 


J 26267 


J 23530 


J 23533-01 


J 23709 


J 29567 


J 28662 


. Piston Seal Installer 

. Flaring Tool 

. Tube Cutter 

. Combination Valve Depressor 
. Brake Bleeder Adapter 

. Brake Pedal Effort Gage 


J 28434 


J 22647 


J 23456 


J 28458 © 


K JO RO BT 3375-W 


. Wheel Cylinder Bleeder Wrench 

. Power Brake Pushrod Height Gage 

. Power Brake Booster Disassembly and Reassembly Tool 
. Power Piston Seal Protector 

. Cable Tension Gage 


F-10343 
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SECTION 6A 


2.5 LITER L4 ENGINE (VIN E) 
(RPO LN8/L38) 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 
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2.5 LITER L4 ENGINE (VIN E) 6A-3 


DESCRIPTION 


The 2.5L engine is an inline four cylinder, overhead 
valve, with cast iron block and head. 

The crankshaft is supported by five main bearings, 
with crankshaft thrust taken at the number five (rear) 
bearing. 

The camshaft is supported by three bearings and is 
gear driven. 

The valve train consists of roller-type hydraulic lifters, 
pushrods, and ball pivot-type rocker arms. The valve 
guides are integral in the cylinder head. 

’ The connecting rods have precision insert-type 
crankpin bearings. The piston pins are a press fit in the 
connecting rods. 

The pistons are cast aluminum alloy. The piston pins 
are a floating fit in the pistons. 


ENGINE LUBRICATION 


The oil pump is gear driven from the camshaft (figure 
1). Oil is drawn from the oil pan through a pickup 
screen and tube. A bypass valve in the pickup screen 
insures adequate oil flow if the screen becomes 
restricted. The gear-type oil pump has a pressure 
regulator valve which controls lubrication system 
pressure by bypassing excess oil back to the oil pan 
sump. 


Pressurized oil from the oil pump flows to the full flow 
fitter. A bypass valve allows oil to bypass the filter if it 
becomes clogged or restricted. Oil then flows into an 
oil passage which runs along the RH side of the block 
and intersects the lifter bosses. Oil from this passage 
is then routed to the crankshaft main bearings and 
camshaft bearings through smaller drilled passages. Oil 
is supplied to the connecting rod bearings by holes 
drilled in the crankshaft. Oil is supplied to the rocker 
arms through holes in the hydraulic lifters which feed oil 
up the pushrods to the rocker arms. The oil is metered 
by discs under the pushrod seat. 

Many internal engine parts have no direct oil feed 
and are supplied by either gravity or splash from other 
direct feed components. Timing gears are lubricated by 
oil which is supplied through a passage from the front 
of the camshaft to a calibrated nozzle above the 
crankshaft gear. 
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A. Oil Pump Drive Gear Oiling . 


B. Oil Pressure Sending Unit 
C. Splash Oili 

D. Full Flow Oil Filter 

E, Filter Bypass System 


Figure 1 — Engine Lubrication Diagram 
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DISASSEMBLY OF ENGINE 


TOOLS AND SHOP AIDS 


A clean, well lit work area should be available. Other 
necessary aids include: A suitable parts cleaning tank, 
compressed air supply, trays to keep parts and 
fasteners organized, and an adequate set of hand tools. 

An approved engine repair stand will aid the work 
and help prevent personal injury or damage to engine 
components. 

Special tools are illustrated throughout this section, 
and are listed at the end. These tools (or their 
equivalents) are specially designed to quickly and safely 
accomplish the operations for which they are intended. 
The use of these tools will also minimize possible 
damage to engine components. 

Some precision measuring tools are required for 
inspection of certain critical components. Torque 
wrenches will be necessary for correct assembly of 
various parts. 


ACCESSORY REMOVAL 


This manual assumes that the engine accessories 
have been removed. These accessories may include 
one or more of the following: 


Hydraulic Pump Cooling Fan 
Generator TBI Unit 
Distributor 


It is beyond the scope of this section to detail the 
many different accessory installations. Refer to the 


proper section of this manual for service procedures. 
Diagrams of emission and vacuum hose routings, 

wiring harness routings, accessory drive belt layout, 

etc., should be made before removing accessories. 


CLEANING 


Remove the engine accessories before cleaning to 
provide better access to engine exterior surfaces. After 
removing the Throttle Body Injection unit (TBI), 
distributor, fuel pump, oil filter, etc., cover the opening 
with tapeto prevent the entry of water, solvent, and dirt. 

Methods used to clean engine will depend on the 
aids which are available. Steam cleaning, pressure 
washing, or solvent cleaning are some acceptable 
methods. Allow engine to dry before beginning the 
work. 

It is important that the engine be as clean as 
possible to prevent dirt from entering critical areas 
during disassembly. 


PARTS IDENTIFICATION 
Refer to figures 2, 3, 4, and 5. 


DRAINING ENGINE 


Remove or Disconnect (Figure 5) 


@ Oil drain plug (73). Allow oil to drain. 
e Oil filter. 


Install or Connect (Figure 5) 
1. Oil drain plug (73). 


(al Tighten 


@ Oil pan drain plug to 25 Nm (18 ft. Ibs.). 


1. Outer Engine Heat Stove 17. Cylinder Head Gasket 35. Valve Spring 
2. Bolt 18. Intake Valve 36. Valve Stem Seal 
3. End Bolt Retainers” 19. Exhaust Valve 37. Flat Washer 
4. Bolt 20. Plug 38. Intake Manifold Bolt 
5. Exhaust Manifold 21. Gasket 39. Plug 
6. Inner Engine Heat Stove .22, Coolant Temperature Sensor 41. Plug 
7. Exhaust Manifold Gasket 23. Rocker Arm Cover Gasket 42. Intake Manifold Stud 
8. Stud 24. Cylinder Head 43. Intake Manifold 
9. Bolt 25. Cylinder Head Bolt 44. Intake Manifold Gasket 
10. Coolant Fitting 26. Spark Plug 45. Pushrod Guide 
12. Thermostat 27. Cylinder Head bolt 46. Cylinder Head Bolt 
13, Thermostat Housing 28. Valve Spring Cap 47. Pushrod 
14. Bolt 30. Valve Keys 48. Rocker Arm Cover 
15. Hose Clamp 31. Rocker Arm Ball Bolt +e 
1% Hes 32. Rocker Arm Ball 1989 and 1990 Model Years Only 


33. Valve Rocker Arm 
Figure 2 — Cylinder Head, Manifolds, and Components 


F-10266 


6A-6 2.5 LITER L4 ENGINE (VIN E) 


Figure 3 — Cylinder Head, Manifolds, and Components 
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Remove or Disconnect (Figure 6) 


As 


INTAKE MANIFOLD REMOVAL ‘EXHAUST MANIFOLD REMOVAL 


Remove or Disconnect (Figure 7) 


Vacuum lines and electrical connectors, as 1. Thermac heat stove pipe at exhaust manifold. 


needed. 


Intake manifold. 


Pushrod Cover 

Piston and Pin 

Piston Rings 
Connecting Rod 
Connecting Rod Bolt 
Connecting Rod Bearings 
Connecting Rod Nut 

Oil Level Indicator 

Oil Level Indicator Tube 
Seal 

Guide Retainer Stud 
Expansion Plug 

Plug 

Pin 

Block Drain Bolt 

Bolt 

Flexplate 

Spacer 

Clutch Pilot Bearing 
Crankshaft Insert 
Crankshaft Rear Oil Seal 
Crankshaft Rear Bearing 
Oil Pan Drain Plug 
Gasket 

Bolt 

Oil Pan 

Oil Pump 


2. Oxygen sensor. Remove oxygen sensor only if 


2. Intake manifold bolts and flat washers. exhaust manifold is to be replaced. 
3. 
4. Gasket. 


8. Exhaust manifold bolts and end bolt retainers. 
4. Exhaust manifold and gasket. 


Nut 105. Camshaft Thrust Bearing 
Pin 106. Camshaft Gear Spacing 
Spring Ring 
Bolt 107. Key 
Oil Pump Cover 108, Camshaft 
Oil Pump Cover Gasket 109. Camshaft Bearing 
Bolt 110. Bolts 
Oil Pressure Regulator 111. Water Pump 
Valve 112. Gasket 
Crankshaft Bearings 113, Oil Pump Shaft Upper 
Crankshaft Gear Bearing 
Crankshaft 114. Oil Pump Drivershaft Gear 
Key 115, Oil Pump Driveshaft 
Timing Indicator 116. Connecting Rod Cap 
Oil Pump Shaft Lower 117. Bolt 
Bearing 118. Oil Pump Driveshaft Cover 
Plug Plate 
Bolt 119. Block 
Crankshaft Pulley 120, Cylinder Head Dowel Pin 
Bolt 121. Hydraulic Roller Lifter 
Bolt 122. Valve Lifter Guide 
. Flat Washer 123. Lifter Guide Retainer 

. Crankshaft Pulley Hub 124. Main Bearing Cap 

. Front Cover Seal 125. Bolt 

. Front Cover 126. Rear main Bearing Cap 

. Bolt 
Camshaft Gear 


F-10268 


Figure 4 — Block and Components 
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Figure 5 — Block and Components 
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. Flat Washer 

. Bolt 

. Stud 

. Intake Manifold 
. Gasket 


Figure 6 — Intake Manifold Components 


. Bolt 

. End bolt Retainers 
. Exhaust Manifold 
. Gasket 


F-10271 
Figure 7 — Exhaust Manifold Components 
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THERMOSTAT HOUSING 
REMOVAL 


[++] Remove or Disconnect (Figure 8) 


1. Clamps (15) and thermostat bypass hose (16). 
2. Thermostat housing bolts (14). 
3. Thermostat housing (13) and gasket (21). 


. Stud 
. Bott 

. Coolant Fitting 

. Thermostat 

. Thermostat Housing 
. Bolt 

. Hose Clamp 

. Hose 

. Gasket 


F-10272 
Figure 8 — Thermostat Housing Components 


WATER PUMP REMOVAL 
Remove or Disconnect (Figure 9) 
1. Bolts (110). 
2. Water pump (111). 
3. Gasket (112). 


VALVE TRAIN COMPONENT 
REMOVAL 


uired: : 
— o0aa Wale Lifter Remover (Plier-Type) 


[+>] Remove or Disconnect (Figures 1, 2, 3, 4, 10, 
11, and 12) 


1. Rocker arm cover bolts. 
2. Rocker arm cover (48). 


110. Bolt 
111. Water Pump 
112. Gasket 


G 


. 22 mm (7/e”) 
. 55 mm (21/8”) 
» 40 mm (11/2) 


. 10 mm (3s”) 
25 mm (1”) Deep 
Holes for Pushrods 

. 22 mm (7/s") Drill 
25 mm (1”) Deep 
Holes for Valve 
Lifters 

. 50 mm x 155 mm 
(2” x 6”) Lumber 

. 50 mm (2”) Pegs for 
Rocker Arms 
and Balls 


ee 
2) 


OQOO0O00O 


F-01988 
Figure 10 — Valve Train Component Rack 
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3, Bolts (31), balls (82), rocker arms (33), pushrods 
(47) and pushrod guides (45). 
e@ Every effort should be made to insure that these 


5. Studs (60) and retainers (123). 
6. Hydraulic lifter guides (122). 
7. Hydraulic lifters (121). 


mating parts are installed in their original 
locations during assembly. A simple valve train 
component organizer rack can be made from a 
piece of wood, as shown in figure 10. 


4. Pushrod cover nuts and cover (50). 


@ Unscrew the four nuts from cover attaching 


e Remove valve lifters one at a time and place 
them in the organizer rack. The valve lifters 
must be installed in the same bore from which 
they were removed. 

e A stuck valve lifter can be removed using J 
3049. 


studs, reverse two nuts so washers face 
outward and screw them back onto inner two 
studs. Assemble two remaining nuts to same 
two inner studs with washers facing inward. 
Using a smail wrench on inner nut, on each 
stud, jam two nuts tightly together. Again, 
using small wrench on inner nut, unscrew studs 
until cover breaks loose. 

e After breaking cover loose, remove jammed 
nuts from each stud. Remove cover from studs. 


60. Guide Retainer Stud 
121. Hydraulic Roller Lifter 
122, Valve Lifter Guide 
123. Lifter Guide Retainer 


F-10274 
Figure 12 — Hydraulic Lifters and Components 


. Rocker Arm Ball 

. Rocker Arm 

. Pushrod Guide 
47. Pushrod 


F-10300 
Figure 11 — Valve Train Components 
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CYLINDER HEAD REMOVAL 


Remove or Disconnect (Figure 13) 


1. Bolts (25 and 27). 

2. Cylinder head (24). Use care when handling 
cylinder head to prevent damage to gasket 
surfaces. 

3. Gasket (17). 


CRANKSHAFT PULLEY HUB 
REMOVAL 


Remove or Disconnect (Figure 5 and 14) 


1. Bolt (98) and flat washer (99). 
2. Pulley (95) and hub (100). 


OIL PAN REMOVAL 


Remove or Disconnect (Figure 5) 


1. Bolts (75). 
2. Oil pan (76). 

@ If oil pan adheres to block, try to shear sealant 
from block by bumping end of oil pan with a 
rubber mallet. If pan will not come loose, 
carefully pry until loose. DO NOT DISTORT 

17. Head Gasket SEALING FLANGE. 
24. Cylinder Head 

25. Head Bolt (Stud) 

27. Head Bolt 


Figure 13 — Cylinder Head Components 


. Key 

. Bolt 

. Crankshaft Pulley 

. Bolt 

. Bolt 

. Flat Washer 

. Crankshaft Pulley Hub 


Figure 14 — Timing Gear Cover and Components 
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OIL PUMP DRIVESHAFT 
REMOVAL 
Remove or Disconnect (Figures 5 and 15) 
. Bolts (117). 
. Plate (118). 


1 

2 

3. Bearing (113). 

4. Shaft and gear assembly (115 and 114). 


OIL PUMP REMOVAL 


Remove or Disconnect (Figure 5) 


1. Bolts (84) and nuts (78) at oil screen bracket. 
2. Oil pump (77). 


. Bearing 
. Gear 

. Shaft 

. Bolt 

. Plate 


Figure 15 — Oil Pump Driveshaft 


FRONT COVER REMOVAL 
[+2] Remove or Disconnect (Figures 5 and 14) 


1. Timing gear cover bolts (94). 
2. Timing gear cover (102). 
e lf timing gear cover adheres to cylinder, 
carefully pry it loose. DO NOT DISTORT 
SEALING FLANGE. 


PISTON AND CONNECTING ROD 
REMOVAL 


Remove or Disconnect (Figures 5, 16 and 17) 


1. Ridge (or deposits) at top of cylinder as follows: 

e@ Turn crankshaft until one piston is at bottom of 

its stroke. Place a soft cloth on top of piston. 

e Using manufacturer’s directions, install a ridge 

reamer into top of cylinder. Perform cutting 
operation. 

e After ridge and/or deposits are removed, 
remove ridge reamer. Turn crankshaft until 
piston is at the top of its stroke. Remove cloth 
and cuttings. 

Repeat this procedure for each piston. 


A Ridge Rea 
B Cloth 


B-05065 
Figure 16 — Removing Cylinder Ridge 
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FLEXPLATE REMOVAL 


Remove or Disconnect (Figure 5) 


1. Flexplate bolts (66). 
2. Flexplate (67). 
3. Spacer (68). 


CRANKSHAFT REMOVAL 


The main bearings and rear oil seal can be replaced 
without removing the crankshaft, as outlined later in this 
section. 


Remove or Disconnect (Figures 5 and 18) 


@ Check main bearing caps (124 and 126) location 
markings. Main bearing caps are numbered 1 
through 5 from front to rear of engine. Caps must 
be returned to their original locations during 
engine assembly. 


1. Crankshaft timing gear (87). 
2. Bolts (125). 
3. Main bearing caps (124 and f26). 
A. These Protector 4. Crankshaft (88). Lift crankshaft straight up, taking 
B-09433. care to avoid damage to crankshaft journals and 
Figure 17 — Connecting Rod Thread Protectors thrust flange surfaces. 
5. Seal (71). 
2. Connecting rod caps (116) as follows: Take note | 6. _ Main bearing inserts. 
of arrangement of connecting rod (53) markings, e if main bearing inserts are to be reused, mark 
to insure proper reassembly. Use a silver pencil to them before removing, to insure they are 
mark parts if necessary. installed in their original positions. 


@ To avoid mismatching connecting rods and 


connecting rod caps, remove only one CRANKSHAFT REAR OIL SEAL 
connecting rod cap at a time. Place piston at REMOVAL (WITHOUT REMOVING 
bottom of its stroke. CRANKSH AFT) 


e Remove nuts (56). 

@ Remove connecting rod cap (116). 

e Install two sections of 10mm (3/8-inch) rubber 
hose over connecting rod studs. This will 
prevent connecting rod studs from scratching 
bore or crankshaft journal during removal. 

3. Connecting rod (53) and piston (51) from block. 

e Push connecting rod and piston from block 
being careful not to let connecting rod contact 
cylinder bore. 

e Loosely assemble connecting rod cap (116) 
onto connecting rod. : 

e Take note of, or mark connecting rod and 
piston assembly and cylinder bore to assure 
that each assembly is returned to its original 


bore. 
@ Repeat this proce 
rod assemblies. 


Remove or Disconnect (Figure 5) 


NOTICE: Care must be taken not to damage the 
crankshaft outside diameter surface with the pry 
tool. 


1. Rear crankshaft oil seal. 


@ Pry seal out with a screwdriver. Take care not 
to scratch crankshaft. 


dure on remaining connecting 
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MAIN BEARING REMOVAL CAMSHAFT REMOVAL 
(WITHOUT REMOVING 
CRANKSHAFT) Remove or Disconnect (Figures 5, 20 and 21) 
Remove or Disconnect (Figure 19) @ Turn camshaft (108) until bolts (103) are visible 
through holes in camshaft gear (104). 
Tools Required: 1. Bolts (103). 
J 8080 Main Bearing Remover/installer 2. Camshaft (108). Pull camshaft out of block. 
1. Main bearing caps (124 and 126). _ NOTICE: Support the camshaft carefully when 
removing to prevent damage to the camshaft 


e@ Check main bearing caps for location markings. 
Mark caps if necessary. Caps must be returned 
to their original locations during assembly. 

2. Lower main bearing inserts (86) from main bearing 
caps. 

3. Upper main bearing inserts (86). 
@ Insert J 8080 into crankshaft oil hole. 
e Rotate crankshaft to "turn" bearing out of block. 


bearings. 


Figure 20 — Removing Camshaft Thrust Plate Bolts 


. Crankshaft Rear Bearing 
86. Crankshaft Bearings 
88. Crankshaft 

124. Main Bearing Cap 

125. Bolt 

. Rear Main Bearing Cap 


F-01994 
Figure 18 — Crankshaft and Bearing Components 
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CLEANING, INSPECTION, AND REPAIR 


A solvent tank, large enough to hold the larger 
engine parts, will be needed along with various bristle 
brushes and a gasket scraper. A source of 
compressed air will be helpful in the cleaning 
operations. 

Precision measuring tools will be required for the 
inspection procedure. These include: micrometers, 
cylinder bore gage, feeler gages, dial indicator set and 
a straight edge. The inspection work, performed with 
the proper method and tools, is most important. The 
rebuilt engine cannot be expected to perform properly 
if parts worn beyond acceptable limits are reused. 


BLOCK 
Clean (Figure 5) 


Block (119) in solvent. 

Block gasket surfaces. 

Cylinder bores. 

Oil galleries and passages. 

Scale deposits from coolant passages. 


ahoNn> 


. Timing Marks 
87. Crankshaft Gear 
103. Thrust Plate Bolts 
104. Camshaft Gear 
105. Thrust Plate 

108. Camshaft 


F-05719 


Figure 21 — Camshaft and Timing Gears 


Inspect 
(P 


All expansion plugs for looseness or leakage. 
2. Valve lifter bores for deep scratches and varnish 
deposits. 
@ Cylinder walls. 
e@ Coolant jackets. 
@ Main bearing webs. 
e@ Engine mount bosses. 


3. Main bearing bores and main bearing caps (124 

and 126). 

@ All main bearing bores should be round and 
have a uniform inside diameter at all bearing 
supports. 

@ Area where main bearing inserts (86 and 72) 
contact main bearing bore should be smooth. 


Measure (Figure 22) 


e Head gasket surface distortion. Use a straight 
edge and a feeler gage to check for flatness of 
milled surface at top of cylinder block. Surface 
must be flat within 0.10mm (0.004-inch) to assure 
that gasket will provide a tight seal between 
cylinder head and block. 


\ 
\ 


a = 


axe 


ine 


* 
B-05069 
Figure 22 — Checking Head Gasket Surface 


i 


MEASURING CYLINDER BORE 
TAPER AND OUT-OF-ROUND 


Tools Required: 
J 8087 Cylinder Bore Gage (or equivalent) 


If one or more cylinder bores are rough, scored or 
worn beyond limits, it will be necessary to smooth 
or true up such bores to fit new pistons. 

No attempt should be made to cut down oversize 
pistons to fit cylinder bores as this will destroy 
surface treatment and affect weight. Smallest 
possible oversize service pistons should be used 
and cylinder bores should be honed to size for 
proper clearances. 

. Refer to "Specifications" at end of this section for 
tolerances. = 

. Set gage so that thrust pin must be forced in 
about 7mm (1/4-inch) to enter gage in cylinder 
bore, 

. Center gage in cylinder and turn dial to "0." 

. Carefully work gage up and down cylinder to 
determine taper and turn it to different points 
around cylinder wall to determine out-of-round 
condition (figure 23). Measure bore both parallel 
to and at right angles to engine centerline. 
Measure at top, middle and bottom of bore and 
note readings. 

. Recondition cylinder bore as necessary, as 
explained later in this section. 


Figure 23 — Checking Cylinder Bore 
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1. 


2. 


3. 


CYLINDER BORE 
RECONDITIONING 


Measure cylinder bore for out-of-round and taper 
as explained previously in this section. 

Measure dimension "A" at 138mm (1/2-inch) below 
head gasket surface. Measure dimension "B" at 
100mm (4-inches) below head gasket surface. 
Cylinder bores can be measured by setting 
cylinder gage dial at zero in cylinder at point of 
desired measurement. Lock dial indicator at zero 
before removing from cylinder, and measure 
across gage contact points with outside 
micrometer, with gage at the same zero setting 
when removed from cylinder (figure 24). 


B-09399 
Figure 24 — Measuring Cylinder Bore Gage 


If dimension "A" is larger than dimension "B" by 
0.13mm (0.005-inch), cylinder should be bored for 
oversized piston and rings. 


. @ If relatively few bores require correction, it will not 


4. 


5. 


6. 


be necessary to rebore all cylinders to same 
oversize in order to maintain engine balance. All 
oversize service pistons are held to same weights 
as standard size pistons. 

Fine vertical scratches made by ring ends will not, 
by themselves, cause excessive oil consumption, 
therefore, honing to remove them is unnecessary. 
If bore is glazed but otherwise serviceable, break 
glaze lightly with a hone and replace piston rings 
as explained under "Honing" in this section. Make 
sure honing stones are clean, sharp and straight. 
Move hone up and down at a sufficient speed to 
produce a 45 degree cross-hatch pattern. Clean 
bore thoroughly with soap and water. Dry and rub 
in clean engine oil, then remeasure. 

If honing is not required, cylinder bores should be 
cleaned with a hot water and detergent wash. 
Apply clean engine oil to bore after cleaning. 
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1. 


BORING 


Before honing or reboring operation is started, 
measure all new pistons with micrometer 
contacting at points exactly 90 degrees from 
piston pin centerline. Some pistons must be 
measured at a specified distance from piston 
crown. Refer to piston selection later in this 
section. Then, select smallest piston for first 
fitting. Slight variation usually found between 
pistons in a set may provide for correction in case 
first piston is fitted too free. 
Before using any type of boring bar, top of 
cylinder block should be filed to remove any dirt or 
burrs. This is very important. If not checked, 
boring bar may be tilted which would result in 
rebored cylinder wall not being at right angles to 
crankshaft. 
Instructions furnished by manufacturer of 
equipment being used should be carefully 
followed. 
When reboring cylinders, all crankshaft bearing 
caps must be in place and tightened to proper 
torque to avoid distortion of bores in final 
assembly. Always be sure crankshaft is out of 
way of boring cutter when boring each cylinder. 
Crankshaft bearings and other internal parts must 
be covered or taped to protect them during boring 
or honing operation. 
When taking final cut with a boring bar, leave 
0.03mm (0.001-inch) on diameter for finish honing 
to give required position to cylinder clearance 
specifications. (Honing or boring operation must 
be done carefully so that specified clearance 
between pistons, rings, and cylinder bores is 
maintained.) 


HONING 


When cylinders are to be honed, follow hone 
manufacturer’s recommendations for use of hone 
and cleaning and lubrication during honing. Use 
only clean, sharp stones of proper grade for 
amount of material to be removed. Dull, dirty 
stones cut unevenly and generate excessive heat. 
When using coarse or medium grade stones use 
care to leave sufficient metal so that all stone 
marks may be removed with fine stones used for 
finishing to provide proper clearance. 


2. Occasionally during honing operation, cylinder 


bore should be thoroughly cleaned, piston 
selected for individual cylinder and checked for 
correct fit. : 


3. When honing to eliminate taper in cylinder, full 


4. 


10. 


1h 


strokes of hone in cylinder should be made in 
addition to checking measurement at top, middle 
and bottom of bore repeatedly. 


NOTICE: Handle the pistons with care and do 
not attempt to force them through the cylinder 
until the cylinder has been honed to the correct 
size as the piston can be distorted through 
careless handling. 


When finish honing a cylinder bore to fit a piston, 
hone should be moved up and down at a 
sufficient speed to obtain very fine uniform surface 
finish marks in a cross-hatch pattern of a 45 
degree angle. 

Finish marks should be clean but not sharp, free 
from imbedded particles and torn or folded metal. 
By measuring piston to be installed at sizing point 
specified under PISTON SELECTION, and adding 
average of clearance specification, finish hone 
cylinder measurement can be determined. It is 
important that both block and piston be measured 
at normal room temperature. 

It is of greatest importance that refinished cylinder 
bores are trued up to have less than specified out- 
of-round or taper. Each bore must be final honed 
to remove all stone or cutter marks and provide a 
smooth surface. 

Refer to "Specifications" at the end of this section 
for piston to bore clearance tolerances. 

After final honing and before piston is checked for 
fit, clean bores with hot water and detergent. 
Scrub with a stiff bristle brush and _ rinse 
thoroughly with hot water. It is essential that a 
good cleaning operation be performed. If any 
abrasive material is allowed to remain in cylinder 
boxes, it will wear new rings and cylinder bores in 
addition to bearings lubricated by contaminated 
oil. After washing, dry bore should then be 
brushed clean with a power-driven fiber brush. 
Permanently mark piston for cylinder to which it 
has been fitted. 

Apply clean engine oil to each bore to prevent 
rusting. 
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PISTON AND CONNECTING ROD 
ASSEMBLIES 


DISASSEMBLY 


[++] Remove or Disconnect (Figures 25, 26 and 27) 


Tools Required: 
J 25220 Ring Expander (or equivalent) 
J 24086-A Piston Pin Remover and Replacer Set 


1. Piston rings. Use J 25220 (or equivalent) (figure 

26). 

e@ In most cases rings should be discarded and 
replaced with new ones at assembly. 

2. Connecting rod bearing inserts. 

@ If inserts are to be reused, place them in a rack 
so they may be reinstalled in their original 
connecting rod and cap. 

3. Piston pin (figure 27). 

e Place piston/connecting rod on support fixture 
J 24086-20. Make sure connecting rod is fully 
supported. °* 

e Place remover J 24086-8 on support fixture. 

@ Press out piston pin. 


J 24086-8 


J 24086-20 


. Upper Compression Ring 
. Lower Compression Ring 
. Expander 

. Upper Rail 

. Lower Rail 


B-09448 
Figure 25 — Piston Rings 


A. Press Ram F-10279 
Figure 27 — Removing Piston Pin 
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CLEANING AND INSPECTION 


Clean 


— Piston. 
— Remove all varnish and carbon deposits. DO 
NOT USE A WIRE BRUSH. 
— Remove carbon from ring grooves. Use a ring 
groove cleaning tool. 
— Oil control ring groove holes. 


Inspect 


— Piston pin bore in piston and connecting rod. 
Check for scuffing, burrs, and wear. 
— Piston for scratches, wear, nicks and scuffing. 
— Connecting rod for cracks, nicks, and wear. If a B-04980 
suitable jig is available, check connecting rod Figure 29 — Piston Pin Hole Diameter 
for a bent or twisted condition. 
— Piston. 
— Ring land for cracking, burrs and wear. ASSEMBLY 
— Ring grooves for burrs, nicks and wear. 
— Skirts and pin bosses for cracking. Assembling Piston and Connecting Rod 
— Skirts for scuffing. 
— Connecting rod bearing inserts for scratches or Assemble (Figure 30) 
deep pitting. 


Tools Required: 
J 24086-A Piston Pin Remover and Replacer 


1. Piston and connecting rod. 

e Piston and connecting rod must be installed in 
proper position. 

— Raised notch side of connecting rod must be 
opposite notch in piston crown. 

e Lubricate piston pin holes in piston and 
connecting rod with engine oil. 

e Install pin guide (E) to hold piston and 
connecting rod together. Be sure to use proper 
pin guide. Refer to instructions supplied with 
tool. 


Figure 28 — Measuring Piston Pin Diameter 


MEASURING PISTON PIN TO PISTON 
CLEARANCE 


Measure (Figures 28 and 29) 


1. Piston pin diameter (figure 28). Check against 

"Specifications" at the end of this section. 

2. Piston pin to piston clearance. 

@ Measure piston pin hole diameter (figure 29). 

e Subtract piston pin diameter from piston pin 
hole diameter to obtain clearance. 

e@ Replace piston and piston pin if clearance 
exceeds specifications. Piston and piston pin 
are a matched set and are not available 
separately. 
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Press Ram 

. Adjustable Installer J 24086-9 

. Support Fixture J 24086-11 
Connecting Rod Support J 24086-20 
Pin Guide 

. Lock Ring 

. Adjuster 

Number Scale 


IOnmMoOD> 


F-10280 


Figure 30 — Installing Piston Pin 


2. Piston pin. Installing Piston Rings 
@ Insert piston pin into piston pin hole. 
e@ Place assembly on support fixture (C). Measure (Figure 25 and 31) 
@ Adjust piston pin adjustable installer (B) to 
correct length, using letter-number scale (H) on e Ring end gap as follows: 


installer adjuster (G). This is necessary to insure 
that piston pin is pressed into piston to correct 1. Select rings comparable in size to piston being 
depth. Refer to instructions supplied with tool used. 
for proper setting. 

e Lock adjuster (G) in place with lock ring (F). 


NOTICE: After the installer hub bottoms on the 
Support assembly, do not exceed 35,000 kPa 
(5,000 psi) pressure, as this could cause 
damage to the tool. 


e Place adjuster in support fixture. Press piston 
pin into place (until adjustable installer bottoms 
in support fixture). 

e Remove piston and connecting rod assembly 
from tool and check piston for freedom of 
movement on piston pin. 


‘Figure 31 — Measuring Ring End Gap 


ee eee 
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2. Slip compression ring in cylinder bore: then press 
ring down into cylinder bore about 7mm (1/4-inch) 
above ring travel. Be sure ring is square with 
cylinder wall. ; 

3. Measure space or gap between ends of ring with 
a feeler gage (figure 31). 

4. Refer to "Specifications" at end of this section for 
correct gap. 

5. If gap between ends of ring is not as specified, 
remove ring and try another for fit. 


Inspect (Figure 32) 


@ Ring fit as follows: 


1. Fit each compression ring to piston on which it is 
going to be used. 


Figure 32 — Checking Ring Fit 


2. Slip outer surface of upper and lower compression 
ring into respective piston ring groove (figure 32), 
to make sure that ring is free. If binding occurs at 
any point, the cause should be determined. If 
binding is caused by ring groove, correct by 
depressing groove with a fine cut file. If the 
binding is caused by a distorted ring, check a new 
ring. 


Assembly (Figures 24 and 25) 


Tools Required: 
J 25220 Ring Expander (or equivalent) 


e All compression rings are marked on upper side of 
ring. When installing compression rings, make 
sure MARKED SIDE IS TOWARD TOP OF PISTON. 

e Oil control rings are three-piece types, 
consisting of two rails and an expander. 

1. Expander (3). 
2. Lower rail (5). 
3. Upper rail (4). 


4. Upper compression ring (1). Use J 25220 (figure 
26). 

5. Lower compression ring (2). Use J 25220 (figure 
26). Flex all rings to make sure rings are free. If 
binding occurs at any point, the cause should be 
determined. If binding is caused by ring groove, 
correct by dressing groove with a fine: cut file. If 
binding is caused by a distorted ring, check a new 
ring. 


Measure (Figure 33) 


e Ring clearance. Use a feeler gage as shown in 
figure 33. Compare with "Specifications" at end of 
this section. 


B-05078 
Figure 33 — Measuring Ring Clearance 


PISTON SELECTION 


In order to select the proper piston for each bore, it 
is necessary to measure outside diameter of piston and 
inside diameter of bore. Once diameters have been 
measured, the difference between bore diameter and 
piston diameter will be the piston to bore clearance. 


1. Check used piston to cylinder bore clearance. 


Measure (Figures 34 and 35) 


e Cylinder bore diameter using a telescoping bore 
gage. Measure bore parallel to crankshaft at 
gaging point which is 57.15mm (2.25-inch) from 
top of cylinder bore. By measuring at this point, 
smallest bore diameter will be obtained. 

e Piston diameter with a micrometer. Measure 
piston skirt at a right angle to piston pin, at 
centerline of piston pin, which is 46.037mm (1 
13/16-inch) from piston crown. By measuring at 
this point, largest piston diameter will be 
obtained. 
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e Subtract piston diameter from cylinder bore 
diameter to determine piston to bore clearance. 

e Refer to "Specifications" at end of this section to 
determine if piston clearance is in acceptable 
range. 


2. If a used piston is not acceptable, determine if a 
new piston can fit cylinder bore. 


A. Bore Gaging Point 
B. Piston Gaging Point 


F-01996 
Figure 34 — Measuring Piston Diameter 


3. If a new piston does not bring clearance within 
tolerances, cylinder bore must be reconditioned. 

4. Mark piston to identify cylinder for which it was 
fitted, 


A. 2%/4-inch 
B. Cylinder Bore 


F-01997 
Figure 35 — Measuring Cylinder Bores Diameter 


INTAKE AND EXHAUST 
MANIFOLDS 


Clean 


e@ Old pieces of gasket from gasket surfaces. 


Inspect 


e Manifolds for cracks, broken flanges, etc. 
e Gasket surfaces for heavy scratches. 


CAMSHAFT 
[1] inspect (Figure 36) 


e Camshaft lobes and journals for scratches, pitting, 
scoring, and wear. 
e@ Timing gear for damaged or missing teeth. 


A. Indicator 
B. Checking Fixture 
108. Camshaft 


F-01998 


Figure 36 — Measuring Camshaft Journal Runout 
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Measure (Figures 36 and 37) 


Tools Required: 
J 7872 Dial Indicator (or equivalent) 


Camshaft runout. Mount camshaft between 
centers or in V-blocks. Using tool J 7872 (or 
equivalent), check intermediate camshaft journals. 
If runout exceeds 0.5mm (0.020-inch), camshaft is 
excessively bent and should be replaced, along 
with camshaft bearings. 

Camshaft journal out-of-round. Use a micrometer. 
If journals are more than 0.025mm (0.001-inch) 
out-of-round, replace camshaft. 

Camshaft journal diameter. Use a micrometer. 
Proper diameter is 47.5mm (1.869-inch). 

Thrust plate (105) to camshaft, (108) clearance. 
This clearance governs camshaft end play. Use 

a feeler gage. Proper clearance is 0.038mm 
(0.0015-inch) to 0.127mm (0.0050-inch). If 
clearance is less than 0.038mm (0.0015-inch), 
replace spacer ring (106). If clearance is more 
than 0.127mm (0.0050-inch), replace thrust 
bearing (105). 


B-07875 
Figure 38 — Measuring Camshaft Thrust 


Disassemble (Figure 39) 


1. Gear (104) from camshaft. 
e Place camshaft gear in a press. Support 
camshaft gear. DO NOT support thrust plate. 


NOTICE: The thrust plate must be positioned so 
that the woodruff key (107) does not damage it 
during the removal operation. 


@ Press camshaft (108) out of camshaft gear. 
2. Thrust bearing (105). 
3. Spacer (106). 


B-06380 


Figure 39 — Removing Camshaft Gear 
Plate Clearance 


Assemble (Figure 40) 


e@ Support camshaft on back of front journal in an 
arbor press using press plate adapters. 
@ Lubricate thrust plate with engine oil. 
1. Woodruff key (107). 
2. Spacer (106). 
3. Thrust bearing (105). 
4. Camshaft gear (104). 
@ Make sure that timing mark is to outside. 
e Press camshaft gear onto camshaft until it 
bottoms on spacer (106). 
@ Remove camshaft from press. 
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Measure (Figure 38) 3. Front bearing (109). 
e Drive bearing into block, and approximately 
e Camshaft to thrust plate clearance using a feeler 3.18mm (0.125-inch) past front surface of block. 
gage. Proper clearance is 0.038mm (0.0015-inch) This uncovers timing gear oil nozzle hole. 


to 0.127mm (0.0050-inch). 


A. Arbor Press 
B. Press Tool 
104. Camshaft Gear 


8, Canara ea Ogg 


J 33049 


uh 


F-02027 
Figure 40 — Installing Camshaft Gear 


F-10281 
CAMSHAFT BEARINGS Figure 41 — Removing or Installing Camshaft 


Bearings 


Remove or Disconnect (Figure 41) 


FRONT COVER 


Tools Required: 
J 33049 Universal Camshaft Bearing Remover 


and Installer Clean 


1. Expansion plug (61). e Old RTV sealant from sealing flange. 
e Drive out plug from inside block at rear 
camshaft bearing. Inspect 
2. Front and rear bearings (109) using J 33049. 
@ Drive bearings towards center of block. e Front cover for cracks, large dents, etc. 
8. Center bearing using J 33049. @ Sealing flange for straightness. 
e Drive bearing towards rear of engine. Disassemble (Figure 42) 
Install or Connect (Figure 41) @ Seal (101). Pry seal out with a screwdriver. 


Tools Required: 
J 33049 Universal Camshaft Bearing Remover 
and Installer 


1. Center bearing using J 33049. J 34995 
@ Install bearing from front of engine. 
@ Make sure that oil holes in bearing are aligned 
with oil holes in block. 
2. Rear bearing (109) and expansion plug (61). 
@ Drive bearing in from rear of engine. 
@ Make sure that oil holes in bearing are aligned 
with oil holes in block. 
e Drive expansion plug (61) into block from rear 
of engine. 


Figure 42 — Installing Front Crankshaft Seal 
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Assemble (Figure 42) 


Tools Required: 
J 34995 Crankshaft Front Cover Oil Seal 
Installer 


1. New seal (101) using tool J 34995. 
e Support inside of front cover around seal bore 
area. 
e@ Press seal into place. Open end of seal faces 
the inside front cover. 
2. Lubricate seal lips with grease. 


WATER PUMP 


Clean 


@ Old gasket from gasket surface. 


Important 


e@ Do not immerse pump in solvent. Solvent may 
enter pump’s permanently lubricated bearings, 
dissolve bearings’ lubricant supply, and cause 
premature bearing failure. 


[r=] Inspect 


e@ Water pump shaft for roughness and end play. If 
shaft does not turn smoothly, or if there is 
excessive end play, replace water pump. 

e@ Water pump body at drain hole. If there is 
evidence of coolant leakage, water pump shaft 
seal is leaking, and water pump should be 
replaced. 


OIL PAN AND ROCKER ARM 


COVER 
Clean 


e Parts in solvent. Remove all sludge and varnish. 
e@ Old RTV sealant or gasket from sealing flange. 


Inspect 


e Gasket flanges for bending or damage. 
@ Oil pan for rock damage or cracks. 
@ Drain plug thread for stripping. 


OIL PUMP 
Disassemble (Figures 43) 


1. Cover bolts (81). 

2. Cover (82). 

3. Gasket (83). 

e@ Mark gear teeth so pump gears can be installed 
with same gear teeth indexed. 

Drive gear and shaft (128). 

Idler gear (127). 

Spring retaining pin (79). 

Spring (80). 

Pressure relief valve (85). 

Pickup screen and pipe (129). 

@ Do not remove pickup screen and pipe unless 
replacement is required. 

e Pickup pipe is a press fit in pump body. 

@ Do not try to remove screen from pipe. Pickup 
screen and pipe is serviced as an assembly 
only. 


Clean 


@ All parts in clean solvent and blow dry with 
compressed air. 


OOBNOAL 


. Pump Body 
. Spring Retaining 

Pin 81 
. Spring aa 
. Cover Screws ie 82 
. Cover 
. Cover Gasket 
. Pressure Relief Valve 
. Idler Gear 
. Drive Gear and Shaft ( 127 
. Pick-Up Screen vy 

and Pipe 


La, 
} 


(ei 
Os 


F-02000 
Figure 43 — Oll Pump Components 
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Inspect (Figure 43) 


@ Pump body (77) and cover (82) for cracks or other 
damage. 

e Gears (127 and 128) for wear. 

e Drive gear and shaft (128) for looseness in pump 
body (77). 

@ Inside of cover (82) for wear that would permit oil 
to leak past ends of gear. 

e Pump gears, and body are not serviced 
separately. 

e Pressure relief valve (85) for fit. Regulator valve 
should slide freely in its bore without sticking or 
binding. 


Assemble (Figures 43 and 44) 


Tools Required: 
J 21882 Oil Suction Pipe Installer 


Pressure relief valve (85). 

Spring (80). 

Spring retaining pin (79). 

Drive gear and shaft (128). 

Idler gear (127) in pump body (77) with smooth 
side of gear toward pump cover opening. Index 
marks made during disassembly. 


aPoONn> 


77. Oil Pump 
129. Oil Pump Pickup Screen 


6. Gasket (83). 
7. Cover (82) and screws (81). 


By Tighten 


e Screws to 14 Nm (120 in. Ibs.). 


e@ Turn driveshaft by hand to check for smooth 
operation. 


NOTICE: Be careful of twisting, shearing or 
collapsing the pipe while installing in the pump. 


8. Pickup screen and pipe (129) (if removed). 

@ If pickup screen and pipe assembly was removed, 
it should be replaced with a new part. Loss of 
press fit condition could result in an air leak and 
loss of oil pressure. 

@ Mount oil pump in a soft-jawed vise. 

e Apply sealer to end of pipe. 

e@ Tap pickup screen and pipe into place, using tool 
J 21882 and a hammer. 

e@ Pump screen must be parallel with bottom of oil 
pan when installed. 


J 21882 


Figure 44 — Installing Oil Suction Pipe 
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VALVE TRAIN COMPONENTS 


PUSHRODS, PUSHROD GUIDES, ROCKER ARMS 
AND BALLS 


Clean 


e@ Parts in solvent. Blow dry with compressed air. 
e@ Make sure oil passages in pushrods are clear. 


Inspect (Figures 3 and 45) 


e@ Rocker arms (33) and balls (82) at their mating 
surfaces. These surfaces should be smaoth and 
free from scoring or other damage. 

e Rocker arm (33) areas which contact valve stems, 
and sockets which contact pushrods (47). These 
areas should be smooth and free of damage and 
wear. 


. Bott 

. Rocker Arm Ball 
. Rocker Arm 

. Pushrod Guide 
. Pushrod 


Figure 45 — Valve Train Components 


THERMOSTAT AND HOUSING 


The thermostat is located in a housing bolted to the 
front of the cylinder head. 

Thermostats consist of a restriction valve controlled 
by a thermostatic element. The restriction valve cranks 
or just starts to open at a predetermined temperature 
and continues to open as engine coolant temperature 
increases. To assure proper cooling and engine warm- 
up it is important that the correct thermostat be used. 


Disassemble (Figure 3) 


1. Bolts (9) and studs (8). 
2. Coolant fitting (10). 

3. Thermostat (12). 

4. Gasket (11). 


Inspect (Figure 3) 


@ Coolant fitting (10) and housing (13) for cracks or 
damage. 


THERMOSTAT CHECK 

1. Suspend thermostat and a thermometer in water 
with thermometer located close to thermostat. 
Thermostat must be completely submerged and 
water thoroughly agitated while heating. Apply 
heat to water and record both temperature at 
which thermostat begins to open and temperature 
at which thermostat is fully open. 

2. Thermostat should start to open at 91°C (195°F) 
and should fully open at 103°C (217°F). 

3. Do not attempt to repair thermostat. If thermostat 
does not function properly, replace it with a new 
unit which has been checked as_ directed 
previously. 


Assemble (Figure 3) 


1. Thermostat (12). 

2. Gasket (11). 

3. Coolant fitting (10). 

4. Bolts (9) and studs (8). 


[] Tighten 


@ Bolts (9) and studs (8) to 33 N'm (24 ft. Ibs.). 


2.5 LITER L4 ENGINE (VIN E) 6A - 29 


CRANKSHAFT AND BEARINGS e Crankshaft runout. 
— Mount crankshaft in V-blocks or between 
[oH] Clean (Figure 5) centers, = 
— Use a dial indicator as shown. 
e Crankshaft (88) with solvent. — If main bearing journals are misaligned, 
@ Do not scratch bearing journals. crankshaft is bent and must be replaced along 
e@ Blow all sludge from oil passages with with main bearings. 


compressed air. 
e@ Main bearing inserts. Wipe free of oil with a soft 
"cloth. 


Inspect (Figure 5) 


e Crankshaft (88) for cracks. Use magnaflux 
method, if available. 

e@ Crankpins, main bearing journals and thrust 
surfaces for scoring, nicks, or damage caused by 
lack of lubrication. 

e@ Main bearing inserts (86 and 72) for scoring or 
other damage. 

— In general, lower inserts (except #1 bearing) 
show a greater wear and the most distress from 
fatigue. If, upon inspection, lower insert is 
suitable for use, it can be assumed that upper 
insert is also satisfactory. If lower insert shows B-06382 
evidence of wear or damage, both upper and 
lower inserts must be replaced. 

@ Crankshaft gear (87) for chipped or damaged 
teeth. 


Measure (Figures 46 and 47) 


@ Main bearing and connecting rod _ journal 
diameters. Compare with "Specifications" at end 
of this section. 

— Because the 2.5L liter engine crankshaft is 
designed with a rolled fillet, the crankshaft 
cannot be reground. If measurements do not 
meet specifications, replace crankshaft. 

@ Main bearing and connecting rod journals for 
taper and out-of-round. If journals are tapered or 
out-of-round more than 0.0127mm (0.0005-inch), 
replace crankshaft. 


Figure 47 — Checking Crankshaft Runout 
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HYDRAULIC LIFTERS 


Hydraulic lifters are serviced only as an assembly. 
No internal parts are available. Service is limited to 
disassembly, cleaning and test operation. It is 
understood that most technicians discard any 
suspicious valve lifters. This information is offered for 
those who may wish to overhaul and test valve lifters. 


INSPECTION BEFORE 
DISASSEMBLY 


Inspect (Figure 48) 


@ Lifter body (221) for scuffing and scoring. If lifter 
body wall is worn or damaged, mating hydraulic 
lifter bore in cylinder block should also be 
checked. 

e@ Check fit of each valve lifter in its mating bore in 
block. If clearance is excessive, try a new lifter. 

e@ Pushrod seat. If worn, inspect pushrod. Replace 
pushrod, if worn. 

e@ Roller (roller-type lifters) for: 

— Freedom of movement. Free-up or replace the 
lifter. 

— Flat spots. Replace lifter, if worn. 

— Pitting, replace lifter if pitted. 

— Missing or broken needle bearings. 


r 


226 228 


errarae 4} 


222 224 


. Lifter Body 

. Plunger Spring 

. Check Ball Retainer 
. Check Ball Spring 

. Check Ball 


226. 
eer, 
228. 
229. 
230. 


Plunger 
Metering Valve 
Pushrod Seat 
Retainer 
Roller 


B-09402 
Figure 48 — Roller-Type Hydraulic Lifter Components 


HYDRAULIC LIFTER OVERHAUL 


Disassemble (Figures 48, 49, 50 and 51) 


1. Retainer (229). 
e@ Push pushrod seat (228) down, using a 
pushrod. 
e Pry out retainer with a screwdriver. 


Pushrod seat (228). 

Metering valve (227). 

Plunger (226) and plunger spring (222). 

e@ If plunger is stuck, turn lifter body upside down 
and tap it on a flat surface. 

5. Check ball retainer (223), check ball spring (224), 

and check ball (225). Pry check ball retainer from 

plunger, using a small screwdriver (figure 50). 


Clean 


e All parts in CLEAN solvent. Remove all gum and 
varnish deposits. 


Inspect (Figure 48) 


e Plunger (226) for scoring and wear. 
@ Pushrod seat (228) if worn or rough, also check 
mating pushrod. 

e Pushrods (47) for bending. Roll pushrod on a flat 
surface to determine if it is bent. Replace if 
necessary. 

@ Ends of pushrods (47) for scoring or roughness. 


Important 


@ Do not attempt re-conditioning by taking parts 
from other unserviceable lifters. 


Fl odd 


A. Screwdriver 
B. Pushrod 
229. Retainer 


Figure 49 — Removing Retalner 


B-05238 
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A. Screwdriver 
223. Check Ball Retainer 
226. Plunger 223 


F-10285 B-05241 
Figure 50 — Removing Check Ball Retainer Figure 51 — Installing Check Ball Retainer 
Assemble (Figures 48, 51, and 52) 6. Metering valve (227) and pushrod seat (228). 
7. Retainer. 
[2] mportant e Push down on pushrod seat (228), using a 
pushrod. Remove 1.5mm (1/16-inch) dri7ft. 
e@ Absolute cleanliness is necessary when @ Lifter is completely assembled, and ready to 
assembling hydraulic lifters. Use only clean, lint- be installed or tested. 


free shop rags. Work with clean hands, on a 
clean work surface. 


1. Check ball (225) to small hole in bottom of plunger 
(226). 

2. Check ball spring (225) to check ball retainer 
(223). 

3. Check ball retainer (223) with check ball spring 
(224) to plunger (226). Make sure spring rests on 
ball. Carefully press retainer into position in 
plunger with blade of a small screwdriver (figure 
51). Make sure it seats tightly against plunger. 

4. Plunger spring (222) to check ball retainer (223). 

5. Lifter body (221) to plunger (226). 
® Slide lifter body over plunger, being careful to 

line up oil feed holes in lifter body and plunger. 

@ Invert assembly (open end up). 

e Fill assembly with SAE 10 oil. 

@ Insert end of a 3mm (1/8-inch) drift into plunger 
and press down solidly. Do not attempt to 
force or pump plunger. At this point, oil holes 
in lifter body and plunger assembly will be 
aligned. 

@ Insert a 1.5mm (1/16-inch) drift through both oil 
holes to hold plunger down against plunger 
spring tension (figure 52). 

e@ Remove 3mm (1/8-inch) drift. Refill assembly 
with SAE 10 oil. 


A. 3 mm (1/8-inch) drift 
B. 1.5 mm (1/16-inch) drift inserted in oil feed hole 


B-05242 
Figure 52 — Assembling Hydraulic Lifter 
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CYLINDER HEAD 


DISASSEMBLY OF 1. Valve keys (30). 
CYLINDER HEAD e Compress valve spring using J 8062. 


e@ Remove valve keys. 

e Remove tool. 

Cap (28). 

Valve spring (35). 

Valve stem oil seal (29). 

Valves, Place them in a rack so they can be 
returned to their original position during assembly. 


CLEANING AND INSPECTION 


Clean (Figures 55 and 56) 


Tools Required: 
J 8089 Wire Brush 
J 8101 Valve Guide Cleaning Tool 


Disassemble (Figures 53 and 54) 


Tools Required: 
J 8062 Valve Spring Compressor 


aaron 


@ Carbon from combustion chambers, Use J 8089 


. Cap (figure 55), 

. Seal e Valve guides. Use J 8101 (figure 56). 

. Valve Keepers @ Valve stems and heads on a wire wheel. 

. Spring @ Carbon and old gasket from cylinder head gasket 
surface, 


F-10299 
Figure 53 — Valves and Components 
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Inspect 


e Cylinder head for cracks in exhaust ports, 
combustion chambers, or external cracks to 
coolant chamber. Gasket surfaces should be free 
of damage. 

e Valves for burning, pitting, or warpage. Grind or 
replace as needed as explained under "Valve 
Grinding" in this section. Check valve stems for 
scoring or excessive wear. Stems must not be 
bent. 

e@ Rocker arm bolts for wear, damage or improper fit. 

@ Valve seats for pitting or other damage. Grind or 
reface as needed. 


DL) 


yee 


al )) NW enn ee 
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F-10288 Figure 57 — Measuring Stem-to-Bore 
Figure 56 — Cleaning Valve Guides Clearance 


Measure (Figures 57, 58, and 59) 


e@ Valve spring tension. Use J 8056 or equivalent 


Tools Required: (figure 58). 
J 8001 Dial Indicator (or equivalent) @ Compress springs, with dampers removed, to 
J 8056 Valve Spring Tester specified height and check against specifications 
chart. Springs should be replaced if not within 44 
@ Valve stem to guide bore clearance. N (10 Ibs.) of the specified load. 
— Excessive valve stem to guide bore clearance e Valve spring length (figure 59). Replace spring if 
will cause excessive oil consumption and may length is not as specified. 


cause valve breakage. Insufficient clearance 
will result in noisy and sticky functioning of 
valve and disturb engines smoothness. 

— Clamp a Dial Indicator J 8001 (or equivalent) on 
one side of cylinder head rocker arm cover 
gasket rail (figure 57). 

— Locate indicator so that movement of valve 
stem from side-to-side (crosswise to head) will 
cause a direct movement of indicator stem. 
Indicator stem must contact side of valve stem 
just above valve guide bore. 

— Drop valve head about 1.6mm (1/16-inch) off 
valve seat. 

— Move stem of valve from side-to-side using light 
pressure to obtain a clearance reading. If 
clearance exceeds specifications, it will be 
necessary to ream valve guide bores for 
oversize valves as explained later in this 
section. Figure 58 — Measuring Valve Spring Tension 
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B-02585 
Figure 59 — Measuring Valve Spring Length 


REPAIR 


VALVE GRINDING 

Valves that are pitted must be refaced to the proper 
angle. Valve stems which show excessive wear, or 
valves that are warped excessively must be replaced, 
When a valve head which is warped excessively is 
refaced, a knife edge will be ground on part or all of the 
valve head due to the amount of metal that must be 
removed to completely reface. Knife edges lead to 
breakage, burning or pre-ignition due to heat localizing 
on this knife edge. If the edge of the valve head is less 
than 0.80mm (1/32-inch) after grinding (figure 60), 
replace the valve. 

Several different types of equipment are available for 
refacing valves. The recommendation of the 
manufacturer of the equipment being used should be 
Carefully followed to attain proper results. 

Refer to "Specifications" for valve face angle 
specifications. 


“FE B-04968 


Figure 60 — Valve Head Measurement 


VALVE SEAT GRINDING 

Reconditioning the valve seats is very important 
because the seating of the valves must be perfect for 
the engine to deliver the power and performance built 
into it. 

Another important factor is the cooling of the valve 
head. Good contact between each valve and its seat 
will insure that heat will be properly carried away. 

Several different types of equipment are available for 
reseating valve seats. The recommendations of the 
manufacturer of the equipment being used should be 
carefully followed to attain proper results. 

Regardless of what type of equipment is used, 
however, it is essential that valve guide bores be free 
from carbon or dirt to ensure proper centering of the 
pilot in the guide. 

Refer. to "Specifications" for valve seat angle 
specifications. 


NOTICE: Valve seats are induction hardened. 
Excessive removal of stock may result in 
damage to the valve seats. 


' REAMING VALVE GUIDES 


The valve guides are simply holes bored into the 
cylinder head. The value guides are therefore not 
replaceable. 

If the valve stem-to-bore clearance as measured 
previously in this section is excessive, the valve guides 
should be reamed and a valve with an oversize stem 
installed. 

Available oversize valves are as follows. Nominal 
dimensions are given. 

— Intake: 0.08 mm (0.003-inch) 0.13 mm (0.005-inch). 

— Exhaust: 0.08 mm (0.003-inch) 

Select a reamer which will provide a straight, clean 
bore through the guide’s entire length (figure 61). 

Valve Guide Reamer Set J 37405 contains one each 
of the following: 

— 0.08 mm (0.003-inch) oversize. 

— 0.13 mm (0.005-inch) oversize. 


J 37405 


Figure 61 — Reaming Valve Guides 


ASSEMBLY OF CYLINDER HEAD 


Assemble (Figures 53, 54 and 62) 


Po 


Tools Required: 
J 8062 Valve Spring Compressor 
J 22330 Valve Stem Seal Tester 


. New valve stem seals. 


e Lubricate seals in order to aid in assembly. 

Valves. 

e@ Lubricate valve stems with engine oil. 

@ Insert valves into proper ports. 

Valve spring (35). 

Cap (28). 

Valve keepers (30). 

e Compress valve springs using J 8062. 
Compress spring enough so lower valve stem 
groove can be clearly seen. 

e Apply grease to area of upper valve stem 
groove. Assemble two valve keepers using 
grease to hold keepers in place. Make sure that 
keepers seat properly in groove. 

e Repeat preceding steps on remaining valves. 

e@ Check each valve seal using J 22330. Wet 
suction cup portion of tool lightly with engine 
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oil. Place suction cup over valve stem cover and 
push tool down to create a vacuum. If vacuum 
remains at tool, seal is properly installed. If a 

_ vacuum cannot be obtained, or if seal will not hold 
a vacuum, it may have been damaged or 
improperly installed 


Figure 62 — Leak Testing Valve Seal 


Measure (Figure 63) 


@ Valve spring installed height. 

— Use a narrow, thin scale. A cutaway scale may 
be helpful. 

— Measure from valve shim or spring seat to top 
of valve cap. 

— If this measurement exceeds figure given in 
"Specifications," install valve spring seat shims 
of sufficient thickness (between spring and 
cylinder head) to give desired measurement. 
Never shim spring to give an installed height 
under specified figure. 


Figure 63 — Measuring Valve Spring 
Installed Helght 
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MEASURING MAIN BEARING CLEARANCE 


Main bearings are of the precision insert-type and do 
not use shims for adjustment. If clearances are found 
to be excessive, a new bearing, plus both upper and 


‘lower inserts will be required. 


The simplest, most accurate way to measure main 
bearing clearance is with the use of gaging plastic. This 
wax-like material Compresses evenly between the 
bearing and journal surfaces without damaging them. 
Proceed as follows: 


Clean 


@ All oil from crankshaft journal and main bearing 
inserts. 


Install or Connect (Figure 64) 


1. Main bearing inserts and crankshaft, as explained 
later in this section. 
2. Gaging plastic. 

®@ Begin with rear main bearing. 

@ Wipe oil from crankshaft journal and lower main 
bearing insert. 

e@ Place a piece of gaging plastic the full width of 
lower bearing insert (parallel to crankshaft) on 
journal (figure 64). Do not rotate crankshaft 
while gaging plastic is between bearing and 
journal. 

3. Main bearing cap and bolts. 


A. Place Gaging Plastic 
Parallel to Crankshaft B-05045 


Figure 64 — Placing Gaging Plastic On 
Bearing Journal 


[2] Tighten 


e@ Main bearing cap bolts to "Specifications" at the 
end of this Section. 


Remove or Disconnect 


@ Main bearing cap. 
DO NOT REMOVE GAGING PLASTIC FROM 
JOURNAL OR LOWER MAIN BEARING INSERT. 


Measure (Figure 65) 


e Gaging plastic as follows: 


1. Flattened gaging plastic will be found adhering to 
either lower bearing insert or journal. 

2. On edge of gaging plastic envelope there is a 
graduated scale. Without removing gaging plastic, 
measure its compressed width (at widest point) 
with graduations on gaging plastic envelope 
(figure 65). 


X 
A. Measure Widest Point of Gaging 
Plastic with Graduated Scale 


B-05047 
Figure 65 — Measuring Gaging Plastic 


3. If flattened gaging plastic tapers toward middle or 
ends, there is difference in clearance indicating 
taper, low spot or other irregularity of bearing or 
journal. Be sure to measure journal with a 
micrometer if flattened gaging plastic indicates 
more than 0.0005-inch difference. 
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4. Normally main bearing journals wear evenly and 
are not out-of-round. However, if a bearing is 
being fitting to an out-of-round journal, be sure to 
fit to maximum diameter of journal. If bearing is 
fitted to the minimum diameter and journal is 
excessively out-of-round, interference between 
bearing and journal will result in rapid bearing 
failure. 

5. If bearing clearance is within specifications, 
bearing is satisfactory. If clearance is not within 
specifications, replace bearing. Always replace 
both upper and lower inserts as a unit. 


A. Place Gaging Plastic 
Parallel to Crankshaft 


B-04996 


Figure 66 — Placing Gaging Plastic On 
Connecting Rod Journal 


6. A standard or undersize bearing may produce 
proper clearance. Bearing inserts are available in 
standard size and 0.001-inch undersize. Do not 
grind a rolled fillet-type crankshaft, that is used on 
2.5L engines. After selecting a new bearing, 
recheck clearance. 

7. Remove flattened gaging plastic. 

8. Perform preceding steps on remaining bearings. 


A. Measure Widest Point of >| 


Plastic with Graduated Scale B-04997 


Figure 67 — Measuring Gaging Plastic 


MEASURING CONNECTING ROD BEARING CLEARANCE 


Connecting rod bearings are of precision insert-type 
and do not use shims for adjustment. DO NOT FILE 
RODS OR ROD CAPS. If clearances are found to be 
excessive, a new bearing (both upper and lower halves) 
will be required, 

The simplest, most accurate way to measure 
connecting rod bearing clearance is with the use of 
gaging plastic. This wax-like material compresses evenly 
between bearing and journal surfaces without damaging 
them. Proceed as follows: 


Clean 


@ All oil from crankshaft journal and connecting rod 
bearing inserts. 


Install or Connect (Figure 20) 


1. Connecting rod with upper connecting rod bearing 
insert to crankshaft journal. 

2. A piece of gaging plastic the length of bearing 
(parallel to crankshaft) on journal (figure 66). 
Plastic gage should be positioned in middle of 
upper and lower bearing insert. (Bearings are 
eccentric and false readings could occur if placed 
elsewhere.). 


Important 


e lf a bearing is being fitted to an out-of-round 
crankpin, be sure to fit the maximum diameter of 
crankpin. If bearing is fitted to the minimum 
diameter and crankpin is excessively out-of-round, 
interference between bearing and crankpin will 
result in rapid bearing failure. 
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3. Connecting rod cap with lower connecting rod 
bearing insert. DO NOT TURN CRANKSHAFT 
WITH GAGING PLASTIC INSTALLED. 

4. Connecting rod cap nuts. 


[Q] Tighten 
@ Nuts to 40 Nm (80 ft. Ibs.). 
Remove or Disconnect 
@ The gaging plastic will be found sticking either to 


journal or lower connecting rod bearing insert. Do 
not remove it at this time. 


[@]Measure (Figure 67) 


e Gaging plastic at its widest point, using scale at 
gaging plastic envelope (figure 67). 

@ If clearance exceeds specifications, select a new, 
correct size connecting rod bearing and measure 
clearance. 

e A standard or undersize bearing may produce 
proper clearance. Bearing inserts are available in 
standard size and 0.001-inch undersize. 

e@ Do not attempt to use shims or file bearing to 
obtain needed clearance. 

e@ If clearance cannot be brought to within 
specifications, replace crankshaft. (Do not 
recondition a rolled fillet-type crankshaft, such as 
used on 2.5L engines.). 


Remove or Disconnect 


e@ Gaging plastic. 


ASSEMBLY OF ENGINE 


PRIOR TO ASSEMBLY 


The importance of cleanliness during the assembly 
procedure cannot be overstressed. Dirt will cause 
premature wear of the rebuilt engine. 

Lubricate all moving parts lightly with engine oil or 
engine assembly lubricant (unless specified otherwise) 
during assembly. This will provide initial lubrication 
when engine is started. 


CRANKSHAFT AND MAIN 
BEARING INSTALLATION 


Service bearing inserts are available in standard size 
and 0.001-inch undersize. 


Install or Connect (Figures 5 and 68) 


1. Upper main bearing inserts (86 and 72) to block. 
@ If any previous used or undersized bearings are 
used, make absolutely certain that they are 
fitted to the proper journal. 
2. Crankshaft (88). Take care not to damage thrust 
areas. 
3. Lower bearing inserts (86 and 72) to bearing caps. 


Measure 


@ Main bearing clearance as explained previously in 
this section. 


4. Engine oil to lower main bearing inserts. 

5. Main bearing caps (except rear cap) with selected 
lower main bearing inserts (86 and 72). Be sure 
to put main bearing caps in their original positions, 
with arrows facing front of engine. 

6. Bolts (125). Make sure special bolt, which retains 
oil pump pickup tube and screen is installed in 
proper position. (#4 main bearing cap, camshaft 
side hole.) 


[a] Tighten 


® Main bearing cap bolts to 88 N'm (65 ft. Ibs.). 


7. Rear main bearing cap to block. 
8. Rear main bearing cap bolts. 
temporarily to 14 Nm (10 ft. Ibs.). 


Tighten bolts 


. Crankshaft Rear Bearing 
. Crankshaft Bearings 

. Crankshaft 

. Main Bearing Cap 

. Bolt 

. Rear Main Bearing Cap 


F-01994 
Figure 68 — Crankshaft and Bearing Components 


Measure (Figure 69) 


@ Crankshaft end play, as follows: 

— Tap end of crankshaft first rearward then forward 
with a lead hammer. This will line up rear main 
bearing and crankshaft thrust surfaces. 

— Tighten rear main bearing cap bolts to 88 N'm (65 
ft. Ibs.). 

— With crankshaft forced forward, measure at front 
end of rear main bearing with a feeler gage. The 
proper clearance is 0.127 - 0.254mm (0.005 - 
0.010-inch). 
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B. Feeler Gage 
88. Crankshaft 


126. Rear Main Bearing Cap F-02028 


Figure 69 — Measuring Crankshaft End Play 


Inspect 


e@ Crankshaft for binding. Try turning crankshaft to 
check for binding. If crankshaft does not turn 
freely, loosen main bearing cap bolts, one pair at 
a time, until tight bearing is located. Burrs on 
bearing cap, foreign matter between insert and 
block or bearing cap, or a faulty insert could 
cause a lack of clearance at bearing. 


CRANKSHAFT REAR OIL 
SEAL AND RETAINER 
INSTALLATION (WITHOUT 
REMOVING CRANKSHAFT) 


Install or Connect (Figures 5 and 70) 


Tools Required: 
J 34924-A Seal Installer 


1. Crankshaft rear oil seal using J 34924-A. 

e Lubricate seal ‘inside diameter with engine oil. 

e Slide seal over mandrel of tool, until dust lip 
(back of seal), mates squarely against collar. 

e Lubricate seal outside diameter with engine 
oil. 

@ Position tool with seal in place against 
crankshaft. Align dowel with alignment hole 
in crankshaft. 

@ Tighten screws firmly. 
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e Turn T-handle of tool until collar seats firmly 
against crankcase. This will insure that seal 
-is seated properly. 

e@ Loosen T-handle fully. Loosen screws and 
remove tool. 


MAIN BEARING INSTALLATION 
(WITHOUT REMOVING 
CRANKSHAFT) 


Install or Connect (Figure 5 and 71) 


Tools Required: 
J 8080 Main Bearing Remover/Installer 


1. Upper main bearing inserts. 
@ Insert tool J 8080 into a crankshaft main 
bearing hole. 
@ Apply engine oil to proper sized inserts. 


. Alignment Hole in Crankshaft 
. Dust Lip 

. Dowel Pin 

. Collar 

. Mandrel 

. Screws 

. Crankshaft Rear Oil Seal 


F-02029 
Figure 70 — Installing Rear Crankshaft Oil Seal 


e Insert plain end of insert (without bearing tang) 
of insert between crankshaft and notched side 
of block. 

e Rotate crankshaft to "roll" insert into block. 

e Remove tool. 


2. Lower main bearing inserts to main bearing caps. 
@ Make sure inserts are of proper size. 
@ Apply engine oil to inserts. 


Measure 


@ Main bearing clearance and crankshaft end play 
as explained under "Crankshaft and Main Bearing 
Installation," in this section. 


CAMSHAFT INSTALLATION 


Install or Connect (Figures 3, 72, and 73) 


@ Coat camshaft lobes with Engine Oil Supplement 
(GM part number 1051396) or equivalent. Coat 
bearing journals with engine oil. 


Figure 71 — Installing Upper Main Bearing Insert 


1. Camshaft (108) into block (119). Take care not to 
damage camshaft bearings (109). 


[2 ]important 


@ Align timing marks. 


2. Bolts (103). 


[a] Tighten 


@ Bolts (103) to 10.0 Nm (90 in. Ibs.). 
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FRONT COVER 
INSTALLATION 


Install or Connect (Figures 5, 74, and 75) 


Tools Required: 
J 34995 Crankshaft Front Cover Oil Seal 
Installer 


1. Tool J 34995 into front cover seal. 
e Apply a 10mm (3/8-inch) wide by 5mm (3/16- 
inch) thick bead of Room _ Temperature 
.Vulcanizing (RTV) sealer to oil pan at timing 
gear cover sealing surface. 
e@ Apply a 6mm (1/4-inch) by 3mm (1/8-inch) thick 
bead of RTV to timing gear cover at block 
sealing surface (figure 74). 


NOTICE: The correct tool must be used to align 
timing gear cover so that front crankshaft seal is 
properly centered around crankshaft. The seal 
must be centered to prevent damage during hub 
installation. 


2. Timing gear cover, with J 34995 in place, to block. 
3. Bolts (94). 


. Timing Marks 
87. Crankshaft Gear 
103. Thrust Plate Bolts 
104. Camshaft Gear 
105. Thrust Plate 

108. Camshaft 


F-05719 
Figure 72 — Camshaft and Timing Gears 


By Tighten 


@ Bolts to 10.0 Nm (90 in. Ibs.). 


@ Remove J 34995 from timing gear cover. 


Figure 75 — Installing Timing Gear Cover 
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CRANKSHAFT PULLEY HUB 
INSTALLATION 


Install or Connect (Figures 5 and 76) 


1. Crankshaft pulley and hub. Slide hub on 
crankshaft until it bottoms against crankshaft gear. 
2. Bolt (98) and flat washer (99). 


[Q] Tighten 


@ Hub retaining bolt to 220 N'm (160 ft. Ibs.). 


PISTON AND CONNECTING ROD 
INSTALLATION 


Install or Connect (Figures 5, 77, and 78) 


Tools Required: 
J 8037 Piston Ring Compressor 


@ Make sure cylinder walls are clean. 
cylinder wall lightly with engine oil. 

@ Make sure piston is installed in matching cylinder 
as explained under "Piston and Connecting Rod 
Assemblies," in this section. 


Lubricate 


1. Connecting rod bearing inserts (55). 
@ Be certain that inserts are proper size. 
e Install bearing inserts in connecting rod and 
connecting rod cap. 
e@ Lubricate bearings with engine oil. 


Key 

Bolt 

. Crankshaft Pulley 
Bolt 

Bolt 

Washer 

Crankshaft Pulley Hub 


SSSERES 


—_ 


2. Piston and connecting rod to proper bore. 

e@ With connecting rod cap removed, install two 
sections of 10mm (3/8-inch) rubber hose over 
connecting rod studs. 

e Locate piston ring end gaps as shown in figure 
77. Lubricate piston and rings with engine oil. 

e@ Without disturbing ring end gap location, install 
J 8037 over piston. 

e Piston must be installed so that notch in piston 
faces front of engine. 

e Place piston in its matching bore. Using light 
blows with a hammer handle, tap piston down 
into its bore. At the same time, guide 
connecting rod into position on crankpin. Hold 
ring compressor against block until all rings 
have entered cylinder bore. 


CONNECTING ROD BEARING SELECTION 

Service bearings are available in standard size and 
0.001-inch undersize for use with new and used 
standard sized crankshafts. The 2.5L engine is 
designed with a rolled fillet on crankshaft journal to 
increase crankshaft strength. Do not grind a crankshaft 
with a rolled fillet. Undersize bearings other than 0.001- 
inch undersize are not available. 


Measure 


e Connecting rod bearing clearance as explained 
under “Measuring Connecting Rod Bearing 
Clearance" in this section. 


F-10275 


Figure 76 — Timing Gear Cover and Components 
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© 


ENGINE FRONT 


om) ENGINE LEFT 


ENGINE RIGHT —_ 


. Oil Ring Rail Gaps 
. 2nd Compression Ring Gap 
. Notch In Piston 
. Oil Ring Spacer Gap 
(Tang In Hole Or Slot With Arc) 


. Top Compression Ring Gap B-07895 


B-05255 
Figure 78 — Installing Piston 


FINAL ASSEMBLY 
Install or Connect (Figure 5) 


e Apply engine oil to connecting rod bearing inserts 
(55) and crankshaft journal. 


1. Connecting rod cap (116) with lower connecting 
rod bearing insert (55). 
2. Nuts (56). 


[A] Tighten 


e Nuts (56) to 40 N'm (80 ft. Ibs.). 


[Gl] Measure (Figure 79) 


e Connecting rod side clearance. Use a feeler gage 
between connecting rod and crankshaft. Correct 
clearance is 0.15-0.51mm (0.006-0.020-inch). 


OIL PUMP INSTALLATION 
Install or Connect (Figure 5) 


1. Oil pump. 

@ Align oil pump shaft with tang on oil pump 
driveshaft. 

@ Position oil pump over oil pump driveshaft lower 
bushing. No gasket is used. Oil pump should 
slide easily into place. 

2. Oil pump bolts (84) and nut (78). 


By Tighten 


e Bolts (84) to 25 Nm (18 ft. Ibs.). 
@ Nut (78) to 42 Nm (31 ft. Ibs.). 


Figure 79 — Measuring Connecting Rod 
Side Clearance 
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OIL PAN INSTALLATION OIL PUMP DRIVESHAFT 
INSTALLATION 


Install or Connect (Figures 5 and 80) 
Install or Connect (Figures 5 and 81) 


e@ Apply RTV sealant to oil pan flange and block. 


Refer to figure 80. 1. Shaft and gear assembly (114 and 115). Tum 
: shaft until it indexes oil pump shaft pilot properly 
1. Oil pan (76). in oil pump body. 
2. Bolts (75). 2. Bearing (113). 
3. Plate (118). Apply RTV to plate as shown in figure 
[2X] Tighten (118). Apply p ig 
4. Bolts (117). 


@ Oil pan bolts to 10.0 N'm (90 in. Ibs.). 


[2] Tighten 


® Bolts to 14 Nm (120 in. Ibs.). 


. Apply a 1.5 mm 
(1/16-Inch) Bead of 
RTV As Shown 

. Bearings 

. Gear 

. Shaft 

. Bolt 

. Plate 


. 7.5 mm (5/16-Inch) Wide x 
2.5 mm (3/32-Inch) Thick 

. 4mm (7/32-Inch) Wide x 
2.5 mm (3/32-Inch) Thick 

. 3mm (1/8-Inch) Bead in Areas 
Shown 

. Oil Pan Figure 81 — Oil Pump Driveshaft 
Block 
Rear Main Bearing Cap 


CYLINDER HEAD 
INSTALLATION 


Figure 80 — Applying RTV to Oil Pan and Block 
Install or Connect (Figures 3 and 82) 


e@ Make sure block and cylinder head sealing 
surfaces are clean. 
1. Head gasket to block. Install over dowel pins. 
2. Cylinder head. Carefully guide head into place 
over dowel pins. This may require an assistant. 
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3. Cylinder head bolts. Refer to figure 82. VALVE TRAIN COMPONENT 
e Cylinder head bolts should be washed in INSTALLATION 


solvent and dry at time of installation. All 
residual oil should be wiped from cylinder head 


mating surfaces. Install or Connect (Figures 3, 5, 83, 84, and 85) 
@ Coat threads of bolt (9) with sealing compound ; , , 
(Part Number 1 ae or a ieatenh P e Lubricate hydraulic lifters (121) with Engine Oil 
e Apply a light coat of engine oil to threads and Supplement (GM part number 1051396) or 
underside of boltheads of bolts 1 through 8. equivalent. 
[QJ] Tighten 1. Hydraulic lifters (121) into their mating bores in 
block. 
1. All head bolts to 25 Nim (18 ft. Ibs.) in specified 2 Hydraulic lifter guides (122). 
sequence (figure 82). ( ) P 3. Retainers (123) and studs (60). 


2. All head bolts except number 9 to 35 Nm (26 ft. 
Ibs.). Number 9 bolt should be re-tightened to 25 
Nm (18 ft. Ibs.). Tighten bolts in specified 
sequence. 

e Draw a line across head of each bolt with a 
marking crayon to mark position of each bolt. 

3. All head bolts 90 degrees (1/4 turn). Tighten bolts 
in the specified sequence. 


A. Apply Sealing Compound to Threads 
on this Bolt 

B. Mounting Surfaces of Block Asm., 
Head Asm. and Both Sides of 
Gasket Must Be Free of Oil and 
Foreign Material 

C. Dowel Pins 


F-10291 
Figure 82 — Cylinder Head Installation 
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. Rocker Arm Ball 
. Rocker Arm 

. Pushrod Guide 
. Pushrod 


F-01989 
Figure 83 — Valve Train Components 


ne” 


A 


A. Apply A Continuous 4/16” Diameter 
Bead Of RTV As Shown 


B-07958 


Figure 84 — Applying Sealant to Rocker Arm Cover 
(Vehicles Built Before VIN M2910001) 


[DJ] Tighten 


@ Studs (60) to 10.0 N'm (90 in. Ibs.). 


4. Pushrod cover (50). 
e@ Apply a 5mm (3/16-inch) bead of RTV sealant to 
pushrod cover as shown in figure 85. 


5. Pushrod cover nuts. 


[Q] Tighten 


@ Nuts to 10.0 N'm (90 in. Ibs.). . 


6. Pushrods (47). Seat pushrods into sockets of 

hydraulic lifters. 

e@ Coat mating surfaces of rocker arms (33) and 
balls (32) with a molybdenum disulfide grease. 

Rocker arms (33). 

Balls (32). 

. Bolts (31). 


[a] Tighten 


® Bolts to 30 Nm (22 ft. Ibs.). 
OVERTIGHTEN. 


© ON 


DO NOT 


@ Vehicles built before VIN M2910001, apply a 5mm 
(3/16-inch) bead of RTV sealant to rocker arm 
cover, inboard of bolt holes (figure 84). 

@ Vehicles build after VIN M2910001 position gasket 
on rocker arm cover. 


10. Rocker arm cover to cylinder head. 
11. Rocker arm cover bolts. 


By Tighten 


@ Bolts to 8.5 N'm (75 in. Ibs.). 


SSS 


= 
A at, 


A. Apply A Continuous (5 mm 3/16-Inch) 
Diameter Bead Of RTV As Shown 


B-07963 
Figure 85 — Applying RTV to Pushrod Cover 
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WATER PUMP INSTALLATION [BJ] Tighten 
[><] Install or Connect (Figures 86 and 87) @ Bolts to 23 Nm (17 ft. Ibs.) 
1. A 3mm (1/8-inch) wide bead of RTV sealant to THERMOSTAT HOUSING 


water pump as shown in figure 86. INSTALLATION 
. Gasket (112). 


2 
3. Water pump (111). 
4 


. Bolts (110). Install or Connect (Figure 88) 


1. Thermostat housing (13) and new gasket (21). 
2. Thermostat housing bolts (14). 


[Al Tighten 


@ Bolts to 33 N'm (24 ft. Ibs.). 


3. Thermostat bypass hose (16) and clamps (15). 


. Stud 

. Bolt 

. Coolant Fitting 

. Thermostat 

. Thermostat Housing 
. Bolt 

. Hose Clamp 

. Hose 

. Gasket 


ZZ, Apply a 30 mm (1/8-Inch) 


Bead of RTV Sealant to 
the Areas Shown 
111. Water Pump F-10292 


110. Bolt 
111. Water Pump 
112. Gasket 


F-10272 
Figure 88 — Thermostat Housing Components 


Figure 87 — Water Pump Components 
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INTAKE MANIFOLD INSTALLATION 


Install or Connect (Figure 89) 


1. Gasket. 


e Apply sealant to bolts indicated in figure 89. 


2. Intake manifold. 
3. Intake manifold bolts and flat washers. 


[Q] Tighten 


e@ Intake manifold bolts. Use tightening 


sequence shown in figure 89 to 34 Nm (25 ft. 


Ibs.) . 


4. Vacuum lines and electrical connectors, as 
needed. 


EXHAUST MANIFOLD 
INSTALLATION 


Install or Connect (Figure 90) 


1. Exhaust manifold and a new gasket. 
2. Exhaust manifold bolts and end bolt locks. 


[Q] Tighten 


e Exhaust manifold bolts. Use tightening 
sequence and the specifications shown in 
figure 90. 


3. Oxygen sensor (if removed). 
4. Thermac heat stove pipe. 


FLEXPLATE INSTALLATION 


Install or Connect (figure 5) 


1. Spacer (68). 
2. Flexplate (67). 
3. Bolts (66). 


(] Tighten 


e Flexplate bolts (66) to 75 N'm (55 ft.lbs.). 


ENGINE ACCESSORY 
INSTALLATION 


Install the engine accessories (distributor, TBI unit, oil 
filter, generator, and any other components removed)as 
explained in the proper section of this manual. Connect 
all vacuum hoses and electrical equipment same way 
as removed. 


ENGINE SET-UP AND TESTING 


1. After overhaul, engine should be tested before 

installing in vehicle. If a suitable test stand is not 
- available, the following procedure can be used 
after engine is installed in vehicle. 

2. Fill crankcase with proper quantity and grade of 
oil. Fill cooling system with proper coolant. Refer 
to MAINTENANCE AND LUBRICATION (SEC. OB). 

3. Withignition "OFF," or disconnected, crank engine 
several times. Listen for any unusual noises or 
evidence that any parts are binding. 

4. Start engine and listen for unusual noises. Run 
engine at about 1000 RPM until engine is at 
operating temperature. 

5. Listen for improperly adjusted valves or sticking 
lifters, and other unusual noises. 

6. Check for oil and coolant leaks while engine is 
running. 

7. Using the Emission Control Label for 
specifications, adjust ignition timing, and idle RPM. 
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A. Apply Sealant to Bolt 
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Figure 89 — Intake Manifold Installation 


Tightening Sequence 

Tighten bolts in number sequence as shown. 
Or, "A" group bolts can be tightened first, 
then "B" group bolts. 


Torque Specifications 
"A" Group Bolts: 50 N'm (86 Ft. Lbs.) 
"B" Group Bolts: 35 N'm (26 Ft. Lbs.) 


F-10295 
Figure 90 — Exhaust Manifold Installation 


6A-50 2.5 LITER L4 ENGINE (VIN E) 
SPECIFICATIONS 


ENGINE SPECIFICATIONS 


All Specifications are In INCHES unless otherwise noted. 


GENERAL DATA: 


Displacement 2.5L 
LN8/L38 


Bore 


me] 
@O 
rc 


Compression Ratio 
Firing Order 1-3-4-2 
3.3L (3.5 Qts.) 
Part Number 6439929 (PF 40) 
36-41 psi @ 2000 RPM 


Model Number 700 


Oil Capacity 
Oil Filter 


Oil Pressure 


Throttle Body Injection Unit 


CYLINDER BORE: 


Diameter 


Out-of-Round 0.001 (Maximum) 


Taper — Thrust Side 0.005 (Maximum) 


CYLINDER BLOCK: 


Head Gasket Surface Flatness 


PISTON: 


0.004 


Clearance 


PISTON RING: 


0.0015-0.0035 


Groove Top 0.0015-0.0030 
Clearance 
0.0015-0.0032 


Second 
0.010-0.020 


Top 

Second 0.0005-0.0070 
Groove 0.0005-0.0070 
Clearance 


° 
i 
L 
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ENGINE SPECIFICATIONS 


All Specifications are in INCHES unless otherwise noted. 


PISTON PIN: 
Diameter 0.9270-0.9280 
Clearance in Piston 0.0004-0.0006 
Fit In Rod Production: 0.0002-0.0007 Service: 0.0002-0.0023 


OIL PUMP: 


10008206 
0.009-0.015 
0.995-0.998 


Part Number 
Gear Lash 


Gear Pocket Depth 


Gear Pocket Diameter 1.503-1.506 


Gear Length 0.999-1.002 


Gear Diameter 1.496-1.500 


0.004 (Maximum) 
0.002-0.005 


Gear Side Clearance 


End Clearance 


CRANKSHAFT: 


Diameter 2.2992-2.2984 
Main 


Journal Taper 


Out-of-Round 


0.0005 
0.0005 


0.0005-0.0022 
0.005-0.010 


Main Bearing Clearance 


Crankshaft End Play 
2.0001-1.9963 
0.0005 


Diameter 


Crankpin Taper 
Out-of-Round 0.0005 
Rod Bearing Clearance 0.0005-0.0030 
Rod Side Clearance 0.006-0.020 


CAMSHAFT: 


LN8 0.234 L38 0.251 

Jounal OurotRound | to 

[uoumalunout Pte 
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SPECIFICATIONS (CONT.) 


ENGINE SPECIFICATIONS 


All Specifications are In INCHES unless otherwise noted. 


VALVE SYSTEM: 


Liter Bore Diameter 


Lifter Clearance in Bore 


Plunger Travel 0.2177 
Pushrod Length 8.299 


Valve Lash . NOT ADJUSTABLE 


Rocker Arm Ratio 1.75:1 


Face Angle (Intake & Exhaust) 


Seat Runout (Intake & Exhaust) 


INE 0095-0075 38 0.050.0.106 


Seat 
intake 0.0010-0.0026 
UPPER 0.0013-0.0030 LOWER 0.0024-0.0041 
0.3131-0.9198 
Stem Diameter 
UPPER 0.3118-0.3126 LOWER 0.3129-0.3137 
Free Length LN8 2.00 L38 1.90 


Pressure 71-78 lbs. @ 1.679 
Valve 


Spring ne Dh Open LN8 170-178 lbs @ 1.239 L38 210-230 Ibs @ 1.239 
Installed Height 1.679 


F-10346 


Stem Clearance 
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TORQUE SPECIFICATIONS 
N'm Ft. Lbs. In. Lbs. 

Item 
Main Bearing Cap Bolts «xxx cccwcuxss caseusus vewaeearn 88 65 - 
Connecting Od NUS «os cess cedacea cease wo seneexwes 40 30 - 
COPS BOtS TA) nsec ha cee edeved ee bee 0s Kae wee bweee 10.0 - 90 
Ol Pune te Bloek Bole 4 cis os oesea6s ae sae ven seeeeees 25 18 -- 
Oil Pump Driveshaft Plate Bolt ........ccee eee ccceeeees 14 31 120 
Ci PICRUD LHD Bik su ian nk vewe be ada nd Oke Reece eo ees 42 ~ ~ 
Ma Pun Cove BCG oc aa vas ocx wae be b¥O bau saee ewes 14.0 - 120 
FUSION SOUT (tes 5 jas eee iaed pavuuskeae eens 10.0 - 90 
Crankshaft Pulley Hub to Crankshaft Bolt .............005 220 160 ~- 
Flakplate BONS 6 cs 45 bo 6 ha ee Sada FRSe SER CRESS TS TRESS Fd 55 - 
Intake Manifold Bole «si ecs cs sateen ceeuvedseess Yee 34 25 - 
Exhaust Manifold Bolts (Front and Rear Exhaust Tubes) . se eew 35 26 - 

(Center Exhaust Tube) .........2eeeeeee 50 36 - 
Dishinitor Claris BOR... a 2 2c 40 64 wees ewan eeueee ees 17 13 _ 
Water Outlet Housing Bolts ........c cece eee ee eee eeees 25 18 ~ 
Thermostat Housing Bows 6.63 s0cs cscs cavcscucasenss 33 24 oa 
Water PUNE si ccc va coe tok oe Wee Oe ees en eee eee Oe Eee 23 17 - 
Timing Gear Cover Bolle 2s ci vcascecevvacancnscexets 10.0 - 90 
MOCKOr Ri ONE 6a. oe koe ee DK eae Oe aw RERSAS ET ESSS 30 22 - 
Cylinder Head Bolts—See Text ......ccceeeeeeeeeeeenes _ - - 
Camshaft Thrust Plate BoltS ....... 0. cece cece eeeeeeee 10.0 ~- 90 
Rocker Arm Cover Bolte sca cc ct ae ven ws cee tertecenenss 8.5 - 75 
Hydraulic Lifter Guide Retainer Stud ..........cceeeeeeee 10.0 ~ 90 


Ol Drain Plug oo ccacennecccecseesenecseetssueennes 25 18 = 


6A-54 2.5 LITER L4 ENGINE (VIN E) 


SPECIAL TOOLS 


J 8037 


J 34995 


AS 
As J 24086-B 
J 33049 “Sp J 8089 


as J 21882 


J 34924-A 


ro oO J 8001 


caer 1 aa J 22330 


. Piston Ring Compressor . Magnetic Base Dial Indicator Set 
. Front Crankshaft Seal Installer . Cylinder Bore Gage 

. Main Bearing Replacer . Piston Pin Replacer Set 

Valve Spring Compressor . Carbon Removing Brush 

Cam Bearing Replacer . Valve Guide Cleaning Tool 

Oil Pump Pickup Tube Installer . Dial Indicator Set 

Rear Crankshaft Oil Seal Installer . Valve 

. Valve Stem Seal Installer and Tester . Valve Set 

. Hydraulic Lifter Remover 


J 37405 


WONAATHABNS 
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SECTION 6A1 


ENGINE (VIN E), DIAGNOSIS 
AND ON-VEHICLE SERVICE 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 


All new Grumman Long Life Vehicles are certified by the United States Environmental Protection Agency as 
conforming to the requirements of the regulations for the control of air pollution from new motor vehicles. This 
certification Is contingent on certain adjustments being set to factory standards. In most cases, these 
adjustment points either have been permanently sealed and/or made inaccessible to prevent indiscriminate 
or routine adjustment In the field. For this reason, the factory procedure for temporarily removing plugs, caps, 
etc., for purposes of servicing the product must be strictly followed and, wherever practicable, returned to the 
original Intent of the design. 
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GENERAL INFORMATION 


STATEMENT ON 
CLEANLINESS AND CARE 


@ An engine is a combination of many machined, 
honed, polished and lapped surfaces with very fine 
tolerances. 


e@ Whenever valve train components, cylinder head, 
cylinder, crankshaft, or connecting rod components 
are removed for service, they should be retained in 
order. At the time of installation, they should be 
installed in the same locations and with the same 
mating surfaces as when removed. 


e@ Any time an air cleaner or Throttle Body Injection 
(TBI) unit is removed, the intake opening must be 
covered. This will protect against the entrance of 
foreign material which could follow the intake 
passage into the cylinder and cause extensive 
damage when the engine is started. 


@ When any internal engine parts are serviced, care 
and cleanliness are important. A liberal coating of 
engine oil should be applied to friction areas during 
assembly to protect and lubricate the surfaces on 
initial operation. Throughout this section, it should 
be understood that proper cleaning and protection of 
machined surfaces and friction areas is part of the 
repair procedure. This is considered standard shop 
practice even if not specifically stated. 


@ It should be kept in mind, while working on the 
engine, that the 12-volt electrical system is capable 
of violent and damaging short circuits. When 
performing any work where electrical terminals could 
possibly be grounded, the ground cable of the 
battery should be disconnected at the battery. 


® Battery cables should be disconnected before any 
major work is performed on the engine. Failure to 
disconnect cables may result in damage to wire 
harness or other electrical parts. 


@ Cover or otherwise protect exposed electrical 
connections to prevent damage from oil and fuel. 


@ When raising or supporting the engine for any 
reason, do not use a jack under the oil pan. Due to 
the small clearance between the oil pan and the oil 
pump screen, jacking against the oil pan may cause 
it to be bent against the pump screen resulting in a 
damaged oil pickup unit. 


TUNE-UP INFORMATION 


All information required to tune up the vehicle’s 
engine is given in the Engine Emission Control Label. 
This label is located in the engine compartment. 

Information that can be found on the label includes: 

e@ Spark plug gap. 

@ Ignition timing. 

e Idle, fast idle, and solenoid screw speeds, as 

applicable. 

@ The proper sequence for making the adjustments. 

e@ Emission hose routing diagram (sometimes on a 

separate label). 


USE OF RTV SEALER 
AND ANAEROBIC 
GASKET ELIMINATOR 


Two types of sealer are commonly used in engines 
covered by this manual. These are RTV sealer and 
anaerobic "gasket eliminator sealer. 

It is important that these sealers be applied properly 
and in the proper place to prevent oil leaks. THE TWO 
TYPES OF SEALER ARE NOT INTERCHANGEABLE. 
Use the sealer recommended in the procedure. 

e@ RTV (room temperature vulcanizing) sealer is used 
where a non-rigid part is assembled to a rigid part. 
Common examples are oil pans and rocker arm 
covers. 

e@ Anaerobic gasket eliminator hardens in the absence 
of air. This sealer is used where two rigid parts 
(such as castings) are assembled together. When 
two rigid parts are disassembled and no sealer or 
gasket is readily noticeable, the parts were probably 
assembled using gasket eliminator. 


USING RTV SEALER 

1. Don’t use RTV when extreme temperatures are 
expected, such as exhaust manifold, head gasket 
or where gasket eliminator is specified. 

2. When separating components sealed with RTV, 
use a rubber mallet and "bump" the part sideways 
to shear the RTV sealer. “Bumping" should be 
done at bends or reinforced areas to prevent 
distortion of parts. RTV is weaker in shear (lateral) 
strength than in tensile (vertical) strength. 
Attempting to pry or pull components apart may 
result in damage to the part. 

3. Surfaces to be resealed must be clean and dry. 
Remove all traces of oil and RTV. Clean with a 
chlorinated solvent such as carburetor spray 
cleaner. Don't use petroleum cleaners such as 
mineral spirits; they leave a film onto which RTV 
won't stick. 
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4. Apply RTV to one of the clean surfaces. Use a USING ANAEROBIC GASKET ELIMINATOR 
bead size as specified in the procedure. Run the 1. Clean surfaces to be resealed with a chlorinated 


bead to the inside of any bolt holes. Do not allow solvent to remove all oil, grease and old material. 

the sealer in any blind threaded holes, as it may 2. Apply a continuous bead of gasket eliminator to 

prevent the bolt from seating properly or cause one flange. 

damage when the bolt is tightened. 3. Spread bead evenly with your finger to get a 
5. Assemble while RTV is still wet (within 3 minutes). uniform coating on the complete flange. 

Don’t wait for RTV to skin over. 4. Assemble parts in the normal manner and torque 
6. Torque bolts to specifications. Don’t over-torque. to specifications. 


GASOLINE ENGINE MECHANICAL DIAGNOSIS 


Engine Will Not 1. Battery, cranking system or other Refer to BATTERY (SEC. 6D1). 
Turn Over electrical problem. 

Liquid in combustion chamber. 
Seized engine. 


a 
. 


Remove with suction gun. 
Repair engine. 


Refer to IGNITION SYSTEM (SEC. 
6D4). 

Repair exhaust system. 

Perform a compression test, as 
Outlined in this section. Repair 
engine as necessary. 


Refer to IGNITION SYSTEM (SEC. 
6D4). 

Perform a compression test, as 
outlined in this section. Repair 


Does Not Start 
engine as necessary. 
Bent pushrod or broken valve spring. Repair valve train components. 


Rough Idle 
Faulty engine mount(s). Repair or replace engine mount(s). 


White Smoke . Usually caused by water vapor, which | 1. None required. 
is a normal byproduct of combustion. 
d Usually seen on cold days. 
Black Smoke 1. Usually caused by rich fuel mixture. 1. Refer to FUEL and EMISSIONS (SEC. 
6E). 
Blue Smoke 1. Usually caused by oil burning in 1. Refer to Excessive Oil Loss 
combustion chambers. diagnosis. 


on 


Engine Cranks 
Normally But 


Fuel or ignition system problem. 


Restricted exhaust system. 
Low compression due to stuck or 
burned valves, stuck rings, blown 
head gasket, etc. 


om 


1. Fuel, ignition system or emissions 
system problem. 
2. Uneven cylinder compression. 


Nd 


Po 
Po 


_ 
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GASOLINE ENGINE MECHANICAL DIAGNOSIS (CONT.) 


Excessive Oil External oil leaks. . Tighten bolts and/or replace gaskets 

Loss and seals as necessary. 

2. Check oil with vehicle on a level 
surface and allow adequate drain 
down time. 

3. Use recommended viscosity for 
prevailing temperatures. 

4. Continuous high speed operation 

and/or severe usage will normally 

cause decreased oil mileage. 

Service as necessary. 


Improper reading of dipstick. 


Improper oil viscosity. 


4. Continuous high speed driving and/or 
severe usage. 


5. Crankcase ventilation or PCV system 
malfunctioning. 

6. Valve guides and/or valve stem seals 

worn, or seals missing. 


6. Ream guides and install oversize 
service valves and/or new valve stem 

seals. 

7. Allow adequate time for rings to seat. 

8. Replace broken or worn rings as 
necessary. 

9. Replace piston or repair as 

necessary. 


7. Piston rings not seated. 
Broken or worn piston rings. 


Piston improperly installed. 


1. Set idle speed to specifications. 
Replace with proper switch or sensor. 


Low Oil Pressure Slow idle speed. 
Incorrect or faulty oil pressure switch 
or sensor. 


1 
2 
3. Incorrect or faulty oil pressure gage. 
4 
5. 


3. Replace with proper gage. 

4. Replace with proper oil. 

5. Change engine oil and filter. Repair 
cause of dilution (rich mixture, etc.) 

6. Clean pump and replace worn parts 
as necessary. 

7. Replace filter and oil. 

8. Clean or replace screen as 
necessary. 

9. Replace tube. 

10. Replace bearing(s) as necessary. 

. Repair or replace block. 


Improper oil viscosity. 
Diluted engine oil. 


Oil pump worn or dirty. 


7. Plugged oil filter. 
Oil pickup screen loose or plugged. 


9. Hole in oil pickup tube. 

10. Excessive bearing clearance. 

11. Cracked, porous or plugged oil 
galleys. 

. Galley plugs missing or mis-installed. 


. Install plugs or repair as necessary. 


1. Repair as necessary. (See diagnosis 
for low oil pressure). 

2. Inspect and repair as necessary. 

3. Replace valve train component as 
necessary. 

4. Replace spring. 

5. Free valves. 

6. Refer to "Diagnosis of Hydraulic ;{ 

Lifters." 

Replace camshaft. 

Repair valve guides as necessary. 


Valve Traln Nolse Low oil pressure. 


Loose rocker arm attachments. 
Worn rocker arm and/or pushrod. 


@ ho 


Broken valve spring. 
Sticking valves. 
Lifters worn, dirty or faulty. 


Dap 


Camshaft worn or faulty. 
Worn valve guides. 
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GASOLINE ENGINE MECHANICAL DIAGNOSIS (CONT.) 


Engine Knocks 
Cold And 
Continues For 
Two To Three 
Minutes. Knock 
Increases With 
Torque. 


Engine Has 
Heavy Knock Hot 
With Torque 
Applied 


Engine Has Light 
Knock Hot In 
Light Load 
Conditions 


Engine Knocks 
On Initial Start Up 
But Only Lasts A 
Few Seconds 


Flexplate contacting splash shield. 
Loose or broken torsional damper or 
drive pulleys. 

Excessive piston to bore clearance. 
Bent connecting rod. 


Broken balancer or pulley hub. 
Loose torque converter bolts. 
Accessory belts too tight or nicked. 


Exhaust system grounded. 
Flexplate cracked or loose rivets on 
flexplate. 

Excessive main bearing clearance. 
Excessive rod bearing clearance. 


Faulty Electronic Spark Timing (EST) 
or Electronic Spark Control (ESC) 
system. 

Improper timing. 

Poor quality fuel. 

Loose torque converter bolts. 
Exhaust leak at manifold. 

Excessive rod bearing clearance. 


Fuel pump. 
Improper oil viscosity. 


Hydraulic lifter bleed down. 


. Reposition splash shield. 
. Tighten or replace as necessary. 


Replace piston. 
Replace connecting rod. 


Replace parts as necessary. 


. Tighten bolts. 


Replace and/or tension to 
specification as necessary. 
Reposition as necessary. 
Replace flexplate. 


Repair main bearing(s) as necessary. 
Repair rod bearing(s) as necessary. 


Refer to "FUEL and EMISSIONS 
(SEC. 6E). 


. Adjust to specifications. 


Use fuel of recommended grade. 


. Tighten bolts. 
. Tighten bolts and/or replace gaskets. 


Replace bearings as necessary. 


Replace pump. 

Install proper oil viscosity for 
expected temperatures. 

Refer to "Diagnosis of Hydraulic 
Lifters." 
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PROBLEM POSSIBLE CAUSE CORRECTION 


Engine Knocks At Loose or worn drive belts. 
Idle Hot A/C compressor or generator bearing. 


. Tension and/or replace as necessary. 
Repair or replace compressor or 
generator as necessary. 

Replace pump. 

. Refer to "Valve Train Noise." 

. Install proper viscosity oil for 
expected temperature. 

Install new piston, pin and/or 
connecting rod as needed. 

Check and replace rods as 
necessary. 

Hone and fit new piston, if required. 


Fuel pump. 
Valve train. 
Improper oil viscosity. 


Excessive piston pin clearance. 
Connecting rod alignment. 


Insufficient piston to bore clearance. 
(Cold engine piston knock usually 
disappears when the cylinder’s spark 
plug is grounded out. Cold engine 
piston knock which disappears in 1.5 
minutes should be considered 


—s 
. 


aPopP 


acceptable.) 
Loose torsional damper. 


GASOLINE ENGINE 
COMPRESSION CHECK 


Disconnect primary terminal from coil. Refer to 
IGNITION SYSTEM (SEC. 6D4). 

Remove all spark plugs. 

Block throttle plate wide open. 

Make sure battery is fully charged. 

Starting with compression gage at zero, crank 
engine through four compression strokes (four 
“puffs’). 

Make compression check at each cylinder and 
record each reading. 

If some cylinders have low compression, inject 
about 15 ml. (one tablespoon or about 3 squirts 
from a pump-type oil can) of engine oil into 
combustion chamber through spark plug hole. 
Minimum compression recorded in any one 
cylinder should not be less than 70 per cent of 
highest cylinder, and no cylinder should read less 
than 690 kPa (100 psi). For example, if the 


. Torque and/or replace worn parts, as 
required. 


highest pressure in any one cylinder is 1035 kPa 

(150 psi), the lowest allowable pressure for any other 

cylinder would be 725 kPa (105 psi). (1035 x 70% = 

725) (150 x 70% = 105). 

e Normal — Compression builds up quickly and 
evenly to specified compression on each cylinder. 

e@ Piston Rings Leaking — Compression low on first 
stroke tends to build up on following strokes but 
does not reach normal. Improves considerably 
with addition of oil. 

e@ Valves Leaking — Low on first stroke. Does not 
tend to build up on following strokes. Does not 
improve much with addition of oil. 

e If two adjacent cylinders have lower than normal 
compression, and injecting oil into cylinders does 
not increase compression, the cause may be a 
head gasket leak between cylinders. 
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DIAGNOSIS OF HYDRAULIC LIFTERS 


1. This condition is normal. Oil drains 1. None needed. 
from lifters which are holding valves 
open when engine is not running. It 
will take a few seconds for lifter to fill 

after engine is started. 


Momentarily 
Noisy When 
Engine Is Started 


Intermittently 
Noisy On Idle 
Only, 
Disappearing 
When Engine 
Speed Is 
Increased 


. Dirt in hydraulic lifter. 
. Pitted or damaged check ball. 


. Disassemble and clean. 
. Replace hydraulic lifter. 


Nolsy At Slow 
Idle Or With Hot 
Oil; Quiet At 
Higher Engine 
Speeds Or With 
Cold Oil 


Nolsy At High 
Vehicle Speeds, 
Quiet At Low 

Speeds 


. High leak down rate. . Replace hydraulic lifter. 


. High oil level — Oil level above "Full" 
mark allows crankshaft counterweights 
to churn oil into foam. When foam is 
pumped into lifters, they will become 
noisy since a solid column of oil is 
required for proper operation. 

2. Low oil level — Oil level below "Add" 
mark allows oil pump to pump air at 
high speeds which results in noisy 
lifters. 

3. Oil pan bent against oil pump pickup 
screen. 

. Oil pump screen bent or loose. 


. Drain oil to proper level. 


. Add oil as needed. 


3. Replace oil pan and repair pickup 
screen as necessary. 
. Repair oil pump screen as necessary. 


Noisy At Idle, 
Becoming Louder 
As Engine Speed 
Is Increased To 
1500 RPM 


1. This noise is not connected with lifter 
malfunction. It becomes most 
noticeable in vehicle at 10 to 15 mph 
*L" (Low) range, or 30 to 35 mph "D" 
(Drive) range and is best described as 
a “hashy" sound. At slow idle, it may 
be entirely gone or appear as a light 
ticking noise in one or more valves. It 
is caused by one or more of the 
following: 

@ Badly worn or scuffed valve tip and 
rocker arm pad. 

e@ Excessive valve stem to guide 
clearance. 

Excessive valve seat runout. 


. Repair valve train components as 
necessary. 
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DIAGNOSIS OF HYDRAULIC LIFTERS (CONT.) 


Nolsy At Idle, 
Becoming Louder 
As Engine Speed 
Is Increased To 
1500 RPM 
(Continued) 


Noisy Regardless 
Of Engine Speed 


2. 


@ Off square valve spring. 

@ Excessive valve face runout. 

@ Valve spring damper clicking on 
rotator. 

Off square valve spring. Occasionally 
this noise can be eliminated by 
rotating valve spring and valve. 
Crank engine until noisy valve is off 
its seat. Rotate spring. This will also 
rotate valve. Repeat until valve 
becomes quiet. If correction is 
obtained, check for an off square 
valve spring. 


Incorrect valve adjustment (excessive 
lash) (engines with adjustable valve 
lash). 
Excessive valve lash. Check for valve 
lash by turning engine so piston in 
that cylinder is on TDC of firing 
stroke. If valve lash is present, 
pushrod can be freely moved up and 
down a certain amount with rocker 
arm held against valve. Excessive 
lash can be caused by: 
a. Worm pushrod upper end ball. 
Bent pushrod. 
Improper lubrication of pushrod. 


Loose or damaged rocker arm. 
If pushrod and rocker arm are 
OK, trouble in hydraulic lifter is 
indicated. 


If the valve spring is more than 
1.6mm (1/16-inch) off square, it 
should be replaced. 


Adjust as specified. 


Repair engine as needed. 


Replace pushrod and rocker arm. 
Replace pushrod. 

Replace pushrod and rocker arm. 
Check lubrication system feed to 
pushrod. 

Replace rocker arm. 

Replace hydraulic lifter. 


DESCRIPTION 


The 2.5L engine is an inline four cylinder, overhead 
valve, with cast iron block and head. 

The crankshaft is supported by five main bearings, 
with crankshaft thrust taken at the number five (rear) 
bearing. 

The camshaft is supported by three bearings and is 
gear driven. 

The valve train consists of roller-type hydraulic lifters, 
pushrods, and ball pivot-type rocker arms. The valve 
guides are integral in the cylinder head. 

The connecting rods have precision insert-type 
crankpin bearings. The piston pins are a press fit in the 
connecting rods. 

The pistons are cast aluminum alloy. The piston pins 
are a floating fit in the pistons. 


Vehicles built for the 1991 model year VIN Code 
M2910001 use a composite rocker arm cover gasket in 
place of RTV sealer. 


ENGINE LUBRICATION 


The oil pump is gear driven from the camshaft. 

Oil is drawn from the oil pan through a pickup screen 
and tube. A bypass valve in the pickup screen insures 
adequate oil flow if the screen becomes restricted. The 
gear-type oil pump has a pressure regulator valve which 
controls lubrication system pressure by bypassing 
excess oil back to the oil pan sump. 

Pressurized oil from the oil pump flows to the full flow 
filter. A bypass valve allows oil to bypass the filter if it 
becomes clogged or restricted. 
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Oil then flows into an oil passage which runs along 
the right side of the block and intersects the lifter 
bosses. Oil from this passage is then routed to the 
. Crankshaft main bearings and camshaft bearings 
through smaller drilled passages. Oil is supplied to the 
connecting rod bearings by holes drilled in the 
crankshaft. Oil is supplied to the rocker arms through 
holes in the hydraulic lifters which feed oil up the 


pushrods to the rocker arms. The oil is metered by 
discs under the pushrod seat. 

Many internal engine parts have no direct oil feed 
and are supplied by either gravity or splash from other 
direct feed components. Timing gears are lubricated by 
oil which is supplied through a passage from the front 
of the camshaft to a calibrated nozzle above the 
crankshaft gear. 


ON-VEHICLE SERVICE 


J 34144-A 


A. Apply a continuous 5mm (3/16-inch) 
diameter bead of RTV as shown. 
5. Cylinder Head Bolt 


Figure 1 — Replacing Rocker Arm Cover (Vehicles Build Before VIN Code M2910001) 


ROCKER ARM COVER 
REPLACEMENT 


IMPORTANT 


@ There are two types of rocker arm covers, an RTV- 
type and a gasket-type. Perform only the 
necessary steps that apply to the type of rocker 
arm cover used. 


Remove or Disconnect (Figure 1) 


Tools Required: 
J 34144-A Rocker Arm Cover Remover 


1. Battery negative cable. 

2. Air cleaner assembly. 

3. Positive Crankcase Valve (PCV) valve and 
crankcase ventilation pipe. 

4. Exhaust Gas Recirculation (EGR) valve. 

5. Plug wires at rocker arm cover. 

6. Vacuum line and wiring harness at water outlet 
stud, and move aside. 

7. Vacuum lines at intake manifold stud. 

8. Accelerator control cable lever housing. 

9. Rocker arm cover bolts. 


NOTICE: Do not pry on the rocker arm cover. 
Damage to sealing surfaces may result. 
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10. @ Rocker arm cover. Use J 34144-A (figure 1). 


Clean 


e@ RTV from rocker arm cover and head. All loose 
RTV, or pieces that will cause _ installation 
interference, must be removed. 

e Gasket material from rocker arm cover and 
cylinder head. 

e Oil and grease from sealing surfaces on 
cylinder head and rocker arm cover. Use a 
suitable solvent. 


Inspect 


e Rocker arm cover sealing flanges for distortion. 
Install or Connect (Figure 1) 


NOTICE: Do not allow RTV sealant into the 
rocker arm cover bolt holes. This may damage 
the cylinder head. 


® Apply a 5mm (3/16-inch) bead of RTV sealant to 
rocker arm cover, inboard of bolt holes (figure 1) 
or position gasket on rocker arm cover. 
1. Rocker arm cover to cylinder head. 
@ Install cover while the RTV is still wet (within 3 
minutes). 
2. Rocker arm cover bolts. 


[a] Tighten 


e@ Rocker arm cover bolts to 8.5 N'm (75 in. Ibs.). 


. Vacuum lines at intake manifold stud. 

. Vacuum line and wiring harness at water outlet 
stud. 

Plug wires at rocker arm cover. 

Accelerator control cable lever housing. 

EGR valve. 

PCV valve and crankcase ventilation pipe. 

Air cleaner assembly. 

Battery negative cable. 


ROCKER ARM AND PUSHROD 
REPLACEMENT 


[+4] Remove or Disconnect (Figure 2) 


> © 


SHON 


— 


1. Rocker arm cover, as explained previously in this 

section. 

2. Rocker arm bolt (1). 

@ If only pushrod is to be replaced, back rocker 
arm bolt off until rocker arm can be swung 
away from pushrod. Then pull pushrod out. 

Rocker arm (3) with ball (2). 

Pushrod (4). 

Pushrod guide (5), if required. 


a Pw 


. Rocker Arm Bolt 
. Ball 

. Rocker Arm 

. Pushrod 

. Pushrod Guide 


Figure 2 — Valve Train Components 


Important 


e Store used components in order so they can be 
reassembled in same location. 

e Pushrod guides are different and must be 
reassembled in original location. 


Inspect 


— Rocker arms and balls at their mating surfaces. 
These surfaces should be smooth and free from 
scoring or other damage. 

— Rocker arm areas which contact valve stems and 
sockets which contact pushrods. These areas 
should be smooth and free of damage and wear. 

— Pushrods for bending. Roll pushrod on a flat 
surface to determine if.it is bent. Replace if 
necessary. , 

— Ends of pushrods for scoring or roughness. 

— Rocker arm bolts for thread damage. 


Install or Connect (Figure 2) 


1. Pushrod guides (5), if removed. 

2. Pushrods (4). Make sure pushrods seat properly 
in the hydraulic lifters. 

3. Rocker arms (3) with balls (2). 
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Important (] Tighten 


@ When new rocker arms and/or balls are installed, e Rocker arm bolts (1) to 30 Nm (22 ft. Ibs), 
coat their bearing surfaces with "Molykote" or Hydraulic lifter should be on base circle of 
equivalent. camshaft. DO NOT OVERTIGHTEN. 


4. Rocker arm bolts (1). 5. Rocker arm cover, as explained in this section. 


. Intake Valve 
. Exhaust Valve 
. Spring with Damper 


. Seal 
. Cap 
. Valve Keeper 


Figure 3 — Valves and Components 


VALVE STEM SEAL AND 
VALVE SPRING 
REPLACEMENT 


Install or Connect (Figures 3, 4 and 5) 


Tools Required: 

J 23590 Air Adapter 

J 5892-B Spring Compressor 
Remove or Disconnect (Figures 3 and 4) J 22330 Valve Stem Seal Tester 


Tools Required: 1. New seal (9). Install seal over valve stem and seat 


J 23590 Air Adapter 
J 5892-B Spring Compressor 


Rocker arm cover, as explained previously in this 

section. 

Rocker arms, balls and bolts, as explained 

previously in this section. 

Spark plugs. 

Valve keepers (13). 

e Install J 23590 into spark plug hole. 

e Apply compressed air to hold valves in place. 

e Install a rocker arm bolt (figure 4). 

e Use J 5892-B to compress valve spring (figure 
4). 

e a valve keepers. 

e Carefully release spring tension. Remove J 
5892-B. 

Cap (12) and spring with damper (8). 

Valve seal (9). 


it against head. 


. Spring with damper (8) and cap (12). 
. Valve keepers (13). 


e With air pressure applied to cylinder with J 
23590, compress spring with J 5892-B (figure 
4). 


J 5892-B 


Figure 4 — Compressing Valve Spring 
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e Install valve keepers. Use grease to hold them 
in place. 

e Carefully release spring pressure. Make sure 
valve keepers stay in place. 

e Remove J 5892-B and J 23590. 

e@ Check each valve seal using J 22330 (figure 5). 
Wet suction cup portion of tool lightly with 
engine oil. Place suction cup over valve stem 
cover and push tool down to create a vacuum. 
If vacuum remains at tool, seal is properly 
installed. If a vacuum cannot be obtained, or if 
seal will not hold a vacuum, it may have been 
damaged or improperly installed. 

4. Spark plugs. 

5. Rocker arms, as explained previously in this 
section. 

6. Rocker arm cover, as explained previously in this 
section. 


Se 
=e 
<5 


Figure 5 — Leak Testing Valve Seal 


PUSHROD COVER 
REPLACEMENT 


[+4] Remove or Disconnect (Figure 6) 


1. Battery negative cable. 

e Raise vehicle on hoist. 

2. RF wheel and tire assembly. 

3. Coil wire and connectors at coil. 

4. Distributor cap and spark plug wire bracket at 

intake manifold and lay aside. 

Oil pressure sender. 

Fuel pipe brackets from pushrod cover. 

Wiring harness brackets from pushrod cover. 

Pushrod cover. 

e Unscrew the four nuts from cover attaching 
studs, reverse two of the nuts so washers face 
outward and screw them back onto inner two 
studs. Assemble two remaining nuts to same 
two inner studs with washers facing inward. 
Using a small wrench on inner nut, on each 
stud, jam the two nuts tightly together. Again, 
using a small wrench on inner nut, unscrew 
studs until cover breaks loose. 


PNA 


B-07962 
Figure 6 — Pushrod Cover 


IN_AZBSN_ ABS _/ 
iS Sa 
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A. Apply A Continuous (5 mm 3/16-Inch) 
Diameter Bead Of RTV As Shown 


B-07963 
Figure 7 — Applying RTV to Pushrod Cover 


e After breaking cover loose, remove jammed 
nuts from each stud. Remove cover from studs. 


[A] Tighten 


e Studs to 10.0 Nm (90 in. Ibs.). 
Clean 


e RTV from pushrod cover and block. All loose RTV, 
or pieces causing installation interference, must be 
removed. 

e Oil and grease from sealing surfaces. 
Suitable solvent. 


Inspect 


e Studs and rubber washers for damage. Replace 
as necessary. 


Use a 


Install or Connect (Figures 6 and 7) 


e@ Apply a 5mm (38/16-inch) bead of RTV sealant to 
pushrod cover (figure 7). 
1. Pushrod cover to block. 
2. Pushrod cover nuts. 
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[Q] Tighten 


e Pushrod cover nuts to 10.0 Nm (90 in. Ibs.). 


3.Wiring harness brackets to pushrod cover. 
Fuel pipe brackets to pushrod cover. 

Oil pressure sender. 

Spark plug wire bracket to intake manifold. 
Distributor cap. 

Coil wire and connectors at coil. 

RF wheel and tire assembly. 


[Q] Tighten 


e Lug nuts to 128 N'm (95 ft. Ibs.). 
e@ Lower vehicle. 


OONOAS 


10. Battery negative cable. 


HYDRAULIC LIFTER 
REPLACEMENT 


Remove or Disconnect (Figure 8) 


1. Rocker arm cover, pushrod and pushrod cover as 
explained previously in this section. 

2. Stud (15) and retainer (14). 

3. Guide (16). . 


14. Retainer 16. Guide 
17. Hydraulic Lifter 


15. Stud 


F-10165 
Figure 8 — Hydraulic Lifters and Components 


4. Hydraulic lifter (17). 


Inspect 


— Hydraulic lifter for wear and scuffing. 

— Hydraulic lifter bore in block for wear and 
scuffing. 

— Roller for freedom of movement. — 

— Roller surface for flat spots or pitting. 


1. 


Hydraulic Lifter Repalr 
e Refer to ENGINE (SEC. 6A). 
Install or Connect (Figure 8) 


Hydraulic lifter (17). 


_@ If a new hydraulic lifter is being installed, all 


Zz 
3. 


sealer coating inside of hydraulic lifter must be 
removed. 

e Lubricate hydraulic lifter body and roller with 
engine oil. 

Guide (16). 

Retainer (14) and stud (15). 


[Al Tighten 


4. 


@ Stud (15) to 10.0 N'm (90 in. Ibs.). 


Pushrod cover, pushrod, and rocker arm cover, as 
explained previously in this section. 


INTAKE MANIFOLD 
REPLACEMENT 


Remove or Disconnect (Figure 9) 


. Battery negative cable. 


Air cleaner. 

Battery cable and wiring harness brackets from 
intake manifold. 

Accessory drive belt. 

Generator rear bracket at intake manifold. 


. Upper bolt and loosen lower nut from generator. 


e Rotate generator out of way. 

e Drain cooling system. 

Coolant bypass hose at thermostat housing. 
Vacuum booster supply hose at intake. 

Heater hose from rear of intake manifold. 

PCV valve from rocker arm cover. 

Fuel lines, vacuum lines and wiring connectors 
from Throttle Body Injection (TBI) unit. 

Electronic Vacuum Regulator Valve (EVRV) and 
vacuum tube brackets from intake manifold. 
Vacuum tube bracket and Coolant Temperature 
Sensor (CTS) connector at thermostat housing. 
Accelerator and Throttle Valve (TV) cable control 
lever from intake manifold and position aside. 

e Disconnect accelerator cable from TBI unit. 
Coil wire and wiring connectors at ignition coil. 
Intake manifold bolts and flat washers (21). 
Intake manifold (18) and gasket (19). 


Clean 


@ Old gasket from intake manifold and cylinder 
head. 


ENGINE (VIN E), DIAGNOSIS AND ON-VEHICLE SERVICE 6A1 - 15 


18. Intake Manifold 

19. Gasket 

20. Cylinder Head 

21. Bolt and Flat Washer 


F-10166 


Figure 9 — Intake Manifold 


Install or Connect (Figure 9) 


@ If intake manifold is being replaced, transfer all 
necessary components onto new manifold. 


1. Intake manifold (18) and new gasket (19) onto 
cylinder head (20). 
2. Intake manifold bolts and washers (21). 


[a] Tighten 


@ Bolts to 34 Nm (25 ft. Ibs.). 


3, Coil wire and wiring connectors at ignition coil. 
4. Accelerator and TV cable control lever to intake. 
@ Connect accelerator cable. 
5. CTS connector and vacuum tube bracket at 
thermostat housing. 
6. EVRV and vacuum tube brackets at intake 
manifold. 
7. Fuel lines, vacuum lines and wiring connectors at 
TBI unit. 
8, PCV valve into rocker arm cover. 
9. Heater and coolant bypass hoses. 
10. Vacuum booster supply hose. 
11, Upper bolt into generator. 


[Q] Tighten 


e Upper bolt to 34 Nm (25 ft. Ibs.). 
e Lower nut to 50 N'm (86 ft. Ibs.). 


12. Generator rear bracket. 


[\] Tighten 


® Bolts to 28 Nm (21 ft. Ibs.). 


13. Accessory drive belt. 


14. Battery cable and wiring harness brackets to 
intake manifold. 
15. Air cleaner. 
16. Battery negative cable. 
e Fill cooling system with proper quantity and 
grade of coolant. , 


EXHAUST MANIFOLD 
REPLACEMENT 


Remove or Disconnect (Figure 10) 


Battery negative cable. 

Air cleaner and heat stove tube. 

Dipstick tube bracket. 

Exhaust pipe from exhaust manifold. 

Oxygen sensor wire. Remove oxygen sensor only 
if exhaust manifold requires replacement. 

6. Exhaust manifold bolts. 

7. Exhaust manifold and gasket. 


Clean 


— Threads of exhaust manifold bolts. 
— Gasket surfaces on cylinder head and exhaust 
manifold. 


ar oep = 


Install or Connect (Figure 10) 


1. Exhaust manifold and new gasket to cylinder 
head. 
2. Exhaust manifold bolts. 


[a] Tighten 


e Exhaust manifold bolts. Use tightening 
sequence and specifications (figure 10). 
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Tightening Sequence 
Tighten bolts in number sequence as shown. 
Or, “A” group bolts can be tightened first, 
then “B” group bolts. 


Torque Specifications 
"A" Group Bolts: 50 N'm (86 Ft. Lbs.) 
"B" Group Bolts: 35 Nm (26 Ft. Lbs.) 


Figure 10 — Exhaust Manifold 


3. Oxygen sensor wire. Install oxygen sensor if 
removed. 

4. Exhaust pipe to exhaust manifold. 

5. Dipstick tube bracket. 

6. Air cleaner and heat stove tube. 

7. Battery negative cable. 


CYLINDER HEAD REPLACEMENT 
Remove or Disconnect (Figure 11) 


1. Battery negative cable. 
@ Drain the cooling system. 
2. Aijr cleaner. 
3. Rocker arm cover, as explained previously in this 
section. 
4. Pushrods, as explained previously in this section. 
5. Vacuum lines and wiring at TBI unit. 
6. Vacuum line at stud on intake manifold wiring. 
7. Accelerator and TV cables. 
8. Generator and brackets, and lay aside. 
9. Water pump bypass and heater hoses at intake 
manifold. 
-10. Exhaust pipe from exhaust manifold. 
11. Upper radiator hose. 
12. Fuel lines at rear of cylinder head. 
13. Dipstick tube. 
14. Wiring harness bracket and ground strap at rear 
of cylinder. 


15. Wiring connectors at sensors at rear of cylinder 
head thermostat housing and intake manifold. 
16. Coil wire and spark plug wires. 
17. Oxygen sensor wire. 
18. Head bolts. 
19. Cylinder head, with manifolds attached. 
Head gasket. 


20. 

Clean 
— Carbon deposits from combustion chambers. 
— All traces of old head gasket from cylinder head 


and block. 
— Cylinder head bolt threads and threads in block. 


Inspect 


@ Sealing surfaces of block and cylinder head for 
nicks, heavy scratches, or other damage. 


Cylinder Head Repair 
® Refer to ENGINE (SEC 6A). 
Install or Connect (Figure 11) 


e Make sure block and cylinder head sealing 
surfaces are clean. 
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A. Apply Sealing Compound to Threads 
on this Bolt 

B. Mounting Surfaces of Block Asm., 
Head Asm. and Both Sides of Gasket 
Must Be Free of Oil and Foreign\ 
Material 

C. Dowel Pins 


Se 


oO 


EN 
GOS sore 


Figure 11 — Cylinder Head 


1. Head gasket to block. Install over dowel pins. 
2. Cylinder head. Carefully guide head into place 
over dowel pins. This may require an assistant. 
3. Cylinder head bolts. Refer to figure 11. 
e Coat threads of specified bolt with sealing 
compound (Part No. 1052080 or equivalent). 
@ Install all bolts fingertight. 


(Q] Tighten 


e Cylinder head bolts, as follows: 

e@ Using sequence shown in figure 11, tighten 
all bolts gradually to 25 N'm (18 ft. Ibs.). 

@ In sequence, tighten all bolts EXCEPT left 
front bolt (number 9 in the sequence) to 35 
N'm (26 ft. Ibs.). Re-tighten number 9 to 25 
Nm (18 ft. Ibs.). 

e In sequence, tighten all bolts 90 degrees (1/4 
turn). 


Oxygen sensor wire. 
Coil wire and spark plug wires. 
Wiring connectors at sensors on cylinder head, 
thermostat housing and intake manifold. 
7. Wiring harness bracket and ground strap at rear 
of cylinder head. 
8. Dipstick tube. 
9. Fuel lines at rear of cylinder head. 
10. Upper radiator hose. 
11, Exhaust pipe to exhaust manifold. 


Qasr 


12. Water pump bypass and heater hoses. 

13. Generator and brackets. 

14. Accelerator, TV, cables. 

15. Vacuum lines at intake manifold and water outlet 
studs. 

16. Vacuum and fuel lines and wires at TBI unit. 

17. Pushrods, as outlined previously. 

18. Rocker arm cover, as explained previously in this 
section. 

19. Air cleaner. 

20. Battery negative cable. 
@ Fill cooling system with proper quantity and 

grade of coolant. 


CRANKSHAFT PULLEY AND 
FRONT CRANKSHAFT OIL SEAL 
REPLACEMENT 


Remove or Disconnect (Figure 12) 


Battery negative cable. 

Accessory drive belt. 

Bolt (25). 

Pulley (27) and hub (28). 

Front crankshaft oil seal. Pry out with a large 

screwdriver. Take care not to distort timing gear 

cover. 

6. Bolts (26) and crankshaft pulley from hub (if 
necessary). 


aAPon 
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. Bolts 

. Timing Gear Cover 

. Front Crankshaft Seal 
. Bolt 

. Bolts 

. Crankshaft Pulley 

. Hub 


Inspect 


e@ Oil seal contact area on hub for grooving and 
roughness. Replace if necessary. 


Install or Connect (Figure 12 and 13) 


Tools Required: 
J 34995 Centering Tool and Seal Installer 


1. Crankshaft pulleys and bolts (26) to hub. Coat 
bolt threads with Drylock #209 or equivalent. 


[al Tighten 


@ Bolts (26) to 34 Nm (25 ft. Ibs.). 


2. Front crankshaft oil seal. Use J 34995 (figure 13). 
Install seal with lip facing rear of engine. Remove 
tool. Coat seal lips with engine oil. 

3. Crankshaft pulley (27) and hub (28). Slide hub on 
crankshaft until it bottoms against crankshaft gear. 


a3) 


—— —_— 


J 34995 


Figure 13 — Installing Timing Gear Cover 


4. Bolt (25). 


[a] Tighten 


@ Hub retaining bolt to 220 Nm (160 ft. Ibs.). 


5. Accessory drive belt. 
6. Battery negative cable. 
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TIMING GEAR COVER 
REPLACEMENT 


Remove or Disconnect (Figure 12) 


1. Battery negative cable. 
2. Upper fan shroud and cooling fan. 
3. Accessory drive belt. 
4, Lower radiator hose clamp at water pump. 
5. Generator and brackets. Lay aside. 
6. Crankshaft pulley and hub as explained previously 
in this section. 
7. Bolts (22). 
8. Timing gear cover. 
9, Front crankshaft seal. Pry out with a large 
screwdriver. Take care not to distort timing gear 
cover. Figure 14 — Applying RTV to Timing Gear Cover 
Clean NOTICE: The correct tool must be used to align 
F the timing gear cover so that the front 
e Old RTV from block and timing gear cover and oil crankshaft seal is properly centered around the 
pan. All loose RTV, or pieces causing installation crankshaft. The seal must be centered to 
interference, must be removed. prevent damage during hub installation. 


e Oil and grease from sealing surfaces on block, oil 
pan, and timing gear cover. Use a suitable = 9 Timing gear cover, with J 34995 in place, to block 


solvent. (figure 13). 
3. Bolts (22). 
Install or Connect (Figures 12 through 14) 
[A] Tighten 
Tools Required: 
J 34995 Centering Tool and Seal Installer @ Bolts (22) to 10.0 Nm (90 in. Ibs.). 
1. Front crankshaft seal to timing gear cover. e Remove J 34995 from the timing gear cover. 
e Lubricate seal lips with engine oil. 4. Crankshaft pulley and hub, as_ explained 
e Use J 34995 to install seal to cover. previously in this section. 
e Leave tool in position in seal (figure 13). 5. Generator and brackets. 
@ Apply a 10mm (8/8-inch) wide by 5mm (3/16- —&__ Lower radiator hose clamp at water pump. 
inch) thick bead of RTV sealer to oil pan at 7. Accessory drive belt. 
timing gear cover sealing surface. : 8. Cooling fan and upper fan shroud. 
e Apply a 6mm (1/4-inch) by 3mm (1/8-inch) thick 9, Battery negative cable. 


bead to RTV to timing gear cover at block 
sealing surface. Refer to figure 14. 
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. Apply A 1.5mm (1/16-Inch) 
Bead Of RTV As Shown 

. Shaft And Gear Assembly 

. Bolt 

. Plate 

. Bearing 


Figure 15 — Oil Pump Driveshaft 


OIL PUMP DRIVESHAFT 
REPLACEMENT 


Remove or Disconnect (Figure 15) 


@ Raise vehicle on a hoist. 
Bolts (80). 

Plate (31). 

Bearing (32). 

Shaft and gear assembly (29). 


Clean (Figure 15) 


e@ Sealing surfaces of plate (31) and block. 


al ole 


Install or Connect (Figure 15) 


1. Shaft and gear assembly (29). Turn shaft until it 
indexes camshaft gear and pilots properly in oil 
pump body. 

2. Bearing (32). 

Plate (31). Apply RTV to plate (figure 15). 

. Bolts (80). 


[a] Tighten 


@ Bolts (30) to 14.0 N'm (120 in. Ibs.). 


aw 


. 


e Lower vehicle. 


OIL PAN REPLACEMENT 


Remove or Disconnect (Figure 16) 


ONO W 


9. 
10. 


Battery negative cable. 

Radiator upper shroud. 

e@ Raise vehicle support with suitable safety 
stands. 

@ Drain oil pan. 

Exhaust pipe at manifolds. 

Catalytic converter and exhaust pipe. 

Flexplate cover. 

Starter and brace. 

Brake line at crossmember. 

Front engine mounting bolts (figure 28). 

@ Raise engine and block in position. 

Oil pan bolts. 

Oil pan. 


Clean 


e@ RTV from sealing surfaces on block, main 
bearing cap, timing gear cover, and oil pan. 

@ Oil and grease from sealing surfaces. Use a 
suitable solvent. 


Install or Connect (Figures 16 and 28) 


e Apply RTV sealant to oil pan flange and block. 
Refer to figure 16. 
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1, Oil pan. 
2. Oil pan bolts. 


A. 7.5mm (5/16-Inch) Wide x 
2.5mm (3/32-Inch) Thick 

B. 4mm (7/32-Inch) Wide x 
2.5mm (3/32-Inch) Thick 

C. 3mm (1/8-Inch) Bead In 
Areas Shown 

33. Block 

34. Rear Main Bearing Cap 

35. Oil Pan 


(QJ Tighten 


@ Oil pan bolts to 10.0 Nm (90 in. Ibs.). 


e@ Lower engine. 


F-10171 


Figure 16 — Applying RTV to Oil Pan and Block 


NOTICE: See “Notice” on page 6A1-1 of this 
section. 


3. Engine mount bolts. 


[a] Tighten 


® Bolts to specifications. Refer to figure 28. 


4. Brake line at crossmember. 

5. Starter and brace. 

6. Flexplate cover. 

7. Catalytic converter and exhaust pipe. 

8. Exhaust pipe to manifolds. 

e@ Lower vehicle. 

9, Radiator upper shroud. 
10. Proper quantity and grade of engine oil. 
11, Battery negative cable. 


OIL PUMP REPLACEMENT 


Remove or Disconnect 


1. Oil pan, as explained previously in this section. 
2. Oil pump attaching bolts and pickup tube nut. 
3. Oil pump. 


Inspect 


e Oil pump pickup tube for looseness. If tube is 
loose, oil pump must be replaced. A loose pickup 
tube can result in an air leak and loss of oil 
pressure. 


Oll Pump Repair 
e Refer to ENGINE (SEC 6A). 
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Install or Connect 


1. Oil pump. 

e@ Align oil pump shaft with tang on oil pump 
driveshaft. 

@ Position oil pump over oil pump driveshaft lower 
bushing. No gasket is used. Oil pump should 
slide easily into place. 

2. Oil pump bolts. 


[Q) Tighten 


@ Oil pump bolts to 25 N'm (18 ft. Ibs.). 
e Pickup tube nut to 42 Nm (31 ft. Ibs.). 


3. Oil pan, as explained previously in this section. 


REAR CRANKSHAFT OIL SEAL 
REPLACEMENT 


A one piece-type seal is used. 
[+4] Remove or Disconnect 
1. Transmission. 


TA). 
2. Flexplate, as explained later in this section. 


Refer to TRANSMISSION (SEC. 


NOTICE: Care must be taken not to damage the 
crankshaft O.D. surface with the pry tool. 


. Alignment Hole 
. Dust Lip 

. Dowel Pin 

. Collar 

. Mandrel 
Screws 

. Crankshaft Rear Oil Seal 


Anmoow> 


F-10172 
Figure 17 — Installing Rear Crankshaft Oil Seal 


4. Crankshaft rear oil seal. Pry out with a 
screwdriver. Take care not to scratch crankshaft. 


Clean 


@ Oil seal mating surfaces on block and crankshatt. 


Inspect 


— Seal bore for nicks and burrs. 
— Seal mating surface on crankshaft for scratches 
and nicks. 


Install or Connect (Figure 17) 


Tools Required: 
J 34924-A Seal Installer 


1. Crankshaft rear oil seal. Use J 34924-A. 

e Lubricate seal ID with engine oil. 

e@ Slide seal over mandrel of tool, until dust lip 
(back of seal), mates squarely against collar. 

e Lubricate seal OD with engine oil. 

@ Position tool with seal in place against 
crankshaft. Align dowel with alignment hole in 
crankshaft. Tighten screws firmly. 

@ Turn T-handle of tool until collar seats firmly 
against crankcase. This will insure that seal is 
seated properly. 

e@ Loosen T-handle fully. 
remove tool. 

2. Flexplate, as explained later in this section. 
3. Transmission. Refer to TRANSMISSION (SEC. 

TA). 


CAMSHAFT REPLACEMENT 
Remove or Disconnect (Figures 18 and 19) 


Loosen screws and 


1. Battery negative cable. 

@ Drain cooling system. 

Upper fan shroud. 

Accessory drive belt. 

Cooling fan and pulley. 

Crankshaft pulley, as explained previously in this 

section. 

6. Timing gear cover, as explained previously in this 
section. 


af on 


- 7. Distributor, 
8 


. Oil pump driveshaft, as explained previously in this 

section. 

9. Pushrod cover, as explained previously in this 
section. 

10. Rocker arm cover, as explained previously in this 
section. 

11. Hydraulic lifters and pushrods, as _ explained 
previously in this section. 

12. Radiator. 

13. Front panel and grille, refer to FRONT PANEL 
(SEC. 10F). 
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. Timing Marks 

. Camshaft Gear 

. Thrust Plate 

. Camshaft 

. Crankshaft Gear 
. Thrust Plate Bolts 


F-10173 
Figure 18 — Camshaft and Timing Gears 


14. Thrust plate bolts (41) (figure 19). 2. Thrust plate bolts (41). 
15. Camshaft (89). Support camshaft carefully to 
[A] Tighten 


avoid damage to camshaft bearings. 
Inspect @ Thrust plate bolts to 10.0 N'm (90 in. Ibs.). 


— Camshaft lobes and journals for scratches, pitting 
and wear. 


— Timing gear for damaged teeth. 


Measure (Figure 20) 


e Thrust plate to camshaft clearance. Use a feeler 
gage (figure 19). Proper clearance is 0.0015- 
0.0050-inch. If clearance is excessive, replace 
thrust plate. If clearance is insufficient, replace 
spacer ring. Refer to the proper unit repair 
manual. 


Camshaft Gear And Thrust Plate Replacement 
e Refer to ENGINE (SEC. 6A). 

Camshaft Bearing Replacement 
@ Refer to ENGINE (SEC. 6A). 

Install or Connect (Figure 18) 


® Coat camshaft lobes and journals with a high 
quality engine oil supplement (GM Engine Oil 
Supplement or equivalent). 

1. Camshaft (39) to engine. Handle camshaft 
Carefully to prevent damage to camshaft bearings. 


Figure 20 — Measuring Camshaft to Thrust Plate 
Important Clearance 


@ Line up timing marks on crankshaft gear and 
camshaft gear (figure 18). 
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Front panel and grille, refer to FRONT PANEL 

(SEC. 10F). 

Radiator. 

Hydraulic lifters and pushrods, as explained 

previously in this section. 

Rocker arm cover, as explained previously in this 

section. 

Pushrod cover, as explained previously in this 

section. 

Oil pump driveshaft, as explained previously in this 

section. 

Distributor. 

Timing gear cover, as explained previously in this 

section. 

Crankshaft pulley, as explained previously in this 

section. 

Cooling fan and pulley. 

Accessory drive belt. 

Upper fan shroud. 

Battery negative cable. 

@ Fill cooling system with proper quantity and 
grade of coolant. 


CONNECTING ROD AND PISTON 


REPLACEMENT 


Remove or Disconnect (Figure 21) 


1. 


Z 
3. 


Cylinder head, as explained previously in this 

section. 

Oil pan, as explained previously in this section. 

Ridge or deposits from upper end of cylinder 

bores. 

@ Turn crankshaft until piston is at BDC. 

e@ Place a cloth on top of piston. 

e@ Perform cutting operation with a ridge reamer. 

@ Turn crankshaft until piston is at TDC. 

e@ Remove cloth and cuttings. 

Connecting rod cap. Check connecting rod and 

cap for identification marks. Mark parts if required. 

Connecting rod and cap must be kept together as 

mating parts. 

Connecting rod and piston. 

e Attach short pieces of hose to connecting rod 
studs (figure 21). This will protect crankshaft 
journal during removal. 

e Push piston out of bore. 

e After removal, assemble connecting rod and 
cap. 


Cleaning, Inspection and Repair 
Clean, inspect and repair or replace the components 


as necessary. 


Measure connecting rod bearing 


clearance, piston clearance, ring clearances, etc. Refer 
to ENGINE (SEC. 6A). 


€ —~——"_ A aS 4 
A. Use short pieces of 10 mm (/s-inch) hose to 


protect the crankshaft journal. B-08045 


Figure 21 — Replacing Connecting Rod and Piston 


Install or Connect (Figures 21, 22, 23, and 24) 


e@ Make sure cylinder walls are clean. 


Tools Required: 


J 8037 Ring Compressor 


Lubricate 
cylinder wall lightly with engine oil. 


@ Make sure piston is installed in matching cylinder. 
1. 


Connecting rod bearings. 

@ Be certain that bearings are of proper size. 

e Install bearing inserts in connecting rod and 
connecting rod cap. 

@ Lubricate bearings with engine oil. 

Piston and connecting rod to proper bore. 

e Attach short pieces of hose to connecting rod 
studs (figure 21). This will protect crankshaft 
journal during installation. 

@ Locate piston ring end gaps as shown in figure 
22. Lubricate piston and rings with engine oil. 

@ Without disturbing ring end gap location, install 
J 8037 over piston (figure 23). 

@ The piston must be installed so that notch in 
piston faces front of engine (figure 22). 

@ Place piston in its matching bore. Using light 
blows with a hammer handle, tap piston down 
into its bore (figure 23). At same time, from 
beneath vehicle guide connecting rod to 
crankpin with hose _ pieces. Hold ring 
compressor against block until all rings have 
entered cylinder bore. 

e@ Remove hose pieces from connecting rod bolts. 


Measure 


@ Connecting rod bearing clearance. Refer to 
ENGINE (SEC. 6A). 
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3. Connecting rod cap and bearing. 
4. Connecting rod cap nuts. 


Al Tighten 


@ Connecting rod cap nuts to 40 N'm (380 ft. Ibs.). 


Measure 


e Connecting rod side clearance. Use a feeler 
gage between connecting rod and crankshaft 


(figure 24). The correct clearance is 0.006- 
0.002-inch. 


5. Oil pan and cylinder head, as explained previously 
in this section. 


Figure 23 — Installing Piston 


om) ENGINE LEFT ENGINEFRONT ENGINE RIGHT —_) 


&—— - 


+ ——= FE 


-A 


A. Oil Ring Rail Gaps 
B. 2nd Compression Ring Gap 
C. Notch In Piston. 
D. Oil Ring Spacer Gap 
(Tang In Hole Or Slot With Arc) 
E. Top Compression Ring Gap _—*B-07895 


Figure 22 — Piston Ring Gap Location 
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MAIN BEARING REPLACEMENT 


Remove or Disconnect (Figure 25) 


Tools Required: 
J 8080 Main Bearing Remover/Installer 


Spark plugs. 

Oil pan, as explained previously in this section. 

Oil pump, as explained previously in this section. 

Main bearing caps. 

@ Check main bearing caps for location markings. 
Mark caps if necessary. Caps must be returned 
to their original locations during assembly. 

5. Lower main bearing inserts from main bearing 

caps. 

6. Upper main bearing inserts. 

@ Insert J 8080 into crankshaft oil hole (figure 25). 

e@ Rotate crankshaft to "turn" bearing insert out of 
block. 


oP Ps 


a. 


Figure 24 — Measuring Connecting Rod Side 
Clearance 


—— 
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Figure 25 — Removing Upper Main Bearing Insert 


Cleaning, Inspection and Repalr 


Clean, inspect and repair or replace components as 
required, refer to ENGINE (SEC. 6A). 


Install or Connect (Figures 25 and 26) 


Tools Required: 
J 8080 Main Bearing Remover/installer 


1. Upper main bearing inserts. 

@ Insert J 8080 into a crankshaft main bearing oil 
hole (figure 25). 

®@ Apply engine oil to inserts of proper size. 

@ Insert plain end (without bearing tang) of insert 
between crankshaft and notched side of the 
block. 

@ Insert plain end (without bearing tang) of insert 
between crankshaft and notched side of the 
block. 

e Rotate crankshaft to "roll" insert into block. 

@ Remove J 8080. 

2. Lower main bearing inserts to main bearing caps. 

@ Make sure inserts are of proper size. 

®@ Apply engine oil to inserts. 


Measure 


@ Main bearing clearance, refer to ENGINE (SEC. 
6A). If engine is in vehicle, crankshaft must be 
supported upward to remove any clearance 
from upper bearing. Total clearance can then 
be measured between lower bearing and 
journal. 


.. 8. Main bearing caps (except rear cap) and bolts to 
block. 


[A] Tighten 


e Main bearing cap bolts to 88 N'm (65 ft. Ibs.). 


4. Rear main bearing cap. 
®@ Apply engine oil to bearing insert. 
e@ Install rear main bearing cap and bolts. Tighten 
bolts temporarily to 14 N'm (10 ft. Ibs.). 


Measure 


e Crankshaft end play, as follows: 


e Tap end of crankshaft first rearward then 
forward with a lead hammer. This will line up 
rear main bearing and crankshaft thrust 
surfaces. 

@ Tighten rear main bearing cap bolts to 88 Nm 
(65 ft. Ibs.). 
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e With crankshaft forced forward, measure at front 
end of rear main bearing with a feeler gage 
(figure 25). The proper clearance is 0.005- 
0.010-inch. 

Oil pump, as explained previously in this section. 

Oil pan, as explained previously in this section. 

Spark plugs. 


CRANKSHAFT REPLACEMENT 


NO 


_ 
. 


Remove engine, as explained in this section. 
2. Refer to ENGINE (SEC. 6A) for crankshaft 
replacement procedures. 


A. Feeler Gage Ra Rea 
42, Rear Main Bearing Cap Rees MOS 


43. Crankshaft F-40175 


Figure 26 — Measuring Crankshaft End Play 


FLEXPLATE REPLACEMENT 
[+] Remove or Disconnect (Figure 27) 


1. Transmission. Refer to TRANSMISSION (SEC. 
7A). Support rear of engine. 
2. Flexplate bolts (45), flexplate (44), and spacer (46). 


Inspect 


e@ Flexplate for wear and damage. 
necessary. Do not machine flexplate. 
® Flexplate wiring gear for broken or damaged teeth. 


Replace if 


Install or Connect (Figure 27) 


1. Spacer (46). 
2. Flexplate (44) and bolts (45). 


[al Tighten 


@ Flexplate bolts to 75 N'm (55 ft. Ibs.). 


3. Transmission. Refer to TRANSMISSION (SEC. 


7A). 


44. Flexplate — 
45. Bolt — 
46. Spacer 


F-10176 
Figure 27 — Flexplate Installation 


ENGINE MOUNTS — 


NOTICE: Broken or deteriorated mounts can 
cause misaligned and eventual destruction of 
certain drive train components. When a single 
mount breakage occurs, the remaining mounts 
are subjected to abnormally high stresses. 


INSPECTING ENGINE MOUNTS 


Front Mounts 

1. Raise engine to remove weight from mounts and 
to place a slight tension on rubber cushion. 
Observe both mounts while raising engine. 

2. Replace mount if the following conditions exist: 

— Hard rubber surface covered with heat check 
cracks. 

— Rubber cushion separated from metal plate of 
the mount. 

— Rubber cushion split through center. 

3. If there is movement between a metal plate of the 
engine mount and its attaching points, lower the 
engine and tighten bolts or nuts attaching mount 
to engine, frame, or bracket. 


Rear Mount 
4. Push up and pull down on transmission tailshaft. 
Observe transmission mounting. 
2. Replace mount if the following conditions exist: 
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— Rubber cushion separated from metal plate of 
mount. 

— Mount bottomed out (tailshaft can be moved up 
but not down). 

3. Ifthere is relative movement between a metal plate 
of the mount and its attaching point, tighten bolts 
or nuts attaching mount to transmission or 
crossmember. 


FRONT MOUNT REPLACEMENT 
Remove or Disconnect (Figure 28) 


e Support engine with a suitable lifting fixture. Do 
not load engine mount. 
1. Engine mount through-bolt and nut. 
e@ Raise engine only enough to permit removal of 
engine mount. 
2. Mount assembly bolts, nuts, and flat washers. 
3. Mount assembly. 


Install or Connect (Figure 28) 
1. Mount assembly. 


NOTICE: 
section. 


See "Notice" on page 6A1-1 of this 


2. Mount assembly bolts, nuts, and flat washers. 


[a] Tighten 


@ Fasteners to specifications. Refer to figure 28. 


3. Engine mount through-bolt and nut. Lower engine 
until bolt can be inserted. Install nut. 


[Q] Tighten 


e@ Through-bolt or nut to specifications. Refer to 
figure 28. 


REAR MOUNT REPLACEMENT 
Remove or Disconnect (Figure 29) 


e Support rear of engine to relieve weight cn rear 
mount. 
1. Mount to crossmember nut(s) and flat washer(s). 
2. Mount to transmission bolts and flat washer(s). 
e@ Raise rear of engine only enough to permit 
removal of mount. 
3. Mount. 


Install or Connect (Figure 29) 
1. Mount. 


e Lower rear of engine. 
2. Mount to transmission bolts and flat washers. 


NOTICE: See "Notice" on page 6A1-1 of this 
section. 


3. Mount to crossmember nut(s) and flat washer(s). 


(al Tighten 


e Fasteners to specifications. Refer to figure 29. 


ENGINE REPLACEMENT 


Remove or Disconnect 


. Battery negative cable. 
2. Hood. 
3. Upper fan shroud. 
4. Accessory drive belt. 
5. Cooling fan and pulley. 
e Drain cooling system. 
6. Radiator. 
7. Upper and lower radiator hoses. 
8. Lower fan shroud. 
9. Front panel and radiator support. Refer to FRONT 
PANEL (SEC. 10F). 
10. Air cleaner assembly. 
11. Generator. 
12. Heater hose from intake manifold. 
13. Bolt from heater hose clamp on power steering 
pump bracket and lay hoses aside. 
14. Power steering pump and bracket and lay aside. 
15. Canister purge hose. 
16. Accelerator control cable lever housing and lever 
and lay aside. , 
e@ Disconnect accelerator cable from TBI unit. 
17. Fuel injector connector. 
18. Wiring connectors from the following components: 
— Coolant Temperature Sensor (CTS). 
— Idle Air Control (IAC). 
— Manifold Air Temperature Sensor (MAT). 
— Throttle Position Sensor (TPS). 
— Electronic Vacuum Regulator Valve (EVRV). 
— Manifold Absolute Pressure Sensor (MAP). 
— Ignition Coil. 
— Oxygen Sensor. 
— Coolant Temperature Switch. 
— Oil Pressure Sender. 
19. Fuel supply line from filter, and return line from 
flexible line at chassis. 
20. Vacuum booster supply hose. 
21. Battery cable and wiring harness brackets from 
intake manifold. 
22. Nut from stud and ground wires from rear of 
cylinder head. 
23. Bolt and ground wire from rear of cylinder head. 
24. Vacuum modulator hose. 
25. Bypass hose. 
e@ Raise vehicle. 
stands. 
26. Drain engine oil. 


Support with suitable safety 
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27. 
28. 
29. 
30. 
31. 


Starter motor. 


Exhaust pipe from manifold and converter. 32. 
Flexplate cover. 33. 
Flexplate to torque converter bolts. 


Engine to transmission bolts. 
@ Lower vehicle. 


e Support transmission. 

Engine mount through bolts. 

Engine. 

e Raise and pull engine forward slightly. 

e Feed wiring harnesses out from under intake 
manifold. 
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RIGHT SIDE A. 60 Nm (45 Ft. Lbs.) LEFT SIDE 
B. Torque Bolt to 65 Nm (48 Ft. Lbs.) 
Or Torque Nut to 42 N’M (31 Ft. Lbs.) 
C. 45 Nm (83 Ft. Lbs.) F-10177 


Figure 28 — Front Engine Mounts 
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Install or Connect 


1 


NOTICE: 


Engine. 
e@ Feed wiring harnesses in under intake manifold. 


See "Notice" on page 6A1-1 of this 


section. 


2. 


Engine mount through bolts. 


[a] Tighten 


3. 


@ Fasteners to specifications. Refer to figure 28. 

e Raise vehicle. Support with suitable safety 
stands. 

e Remove transmission support. 


Engine to transmission bolts. 


[Al Tighten 


4. 


@ Bolts to 75 N'm (55 ft. Ibs.). 


Flexplate to torque converter bolts. 


[I Tighten 


@ Bolts to 63 Nm (46 ft. Ibs.). 


Flexplate cover. 

Exhaust pipe. 

Starter motor. 

e@ Lower vehicle. 

Bypass hose. 

Vacuum modulator hose. 

Bolt and ground wire to rear of cylinder head. 


. Nut and ground wires on stud at rear of cylinder 


head. 

Battery cable and wiring harness brackets to 
intake manifold. 

Vacuum booster supply hose. 

Fuel supply and return lines. ; 
Wiring connectors at the following components: 
— Oil pressure sender. 

— Coolant temperature switch. 

— Oxygen sensor. 

— Ignition coil. 

— MAP. 

— EVRV. 

— TPS. 

— MAT. 

— IAC. 

— CTS. 


16. 
17. 


18. 
19. 


20. 


A. 60 Nm (45 Ft. Lbs.) 
B. 33 Nm (24 Ft. Lbs.) 


Fuel injector connector. 

Accelerator control cable lever and housing. 
e Connect accelerator cable to TBI unit. 
Canister purge hose. 

Power steering pump and bracket. 


Bolt into heater hose clamp at power steering 
pump bracket. 

Heater hose at intake manifold. 

Generator. 


. Air cleaner assembly. 


Front panel and radiator support. Refer to FRONT 

PANEL (SEC. 10F). 

Lower fan shroud. 

Radiator. 

Upper and lower radiator hoses. 

Cooling fan and pulley. 

Accessory drive belt. 

Upper fan shroud. 

Hood. 

Battery negative cable. 

e Fill engine crankcase with proper quantity and 
grade of oil. 

@ Fill cooling system with proper quantity and 
grade of coolant. 


F-10178 
Figure 29 — Rear Engine Mount 
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SPECIFICATIONS 
Item N'm Ft. Lbs. In. Lbs. 
Main Bearing Gap BONS x a<escvcctwescesvecndexsenes 88 65 - 
CC PR ES. onc as ae nen eae Caw ee ae eRe Ree 40 30 - 
Ol Pal BGR TG. s.0n one a bee be eee nee exwaseeeaexs 10.0 - 90 
Oil Ponip to Block BONS .cics cc ncte dec tecescerasiescs 25 18 ~ 
Ol Pickup Tums NUE a4 cosas cece een ees 009 0hn eke ene ee 42 31 . 
Ci Pompe Cover Bote « ssacaseuaxe hands cnveeadsaeeeewe 14.0 - 120 
PHENIOG GOver NG os awe seen se due ne eee eve eeRERe 10.0 - 90 
Crankshaft Pulley to Hub Bolts ......cssecsscseccuucess 34 25 - 
Crankshaft Pulley Hub to Crankshaft Bolt .........0000eee 220 160 - 
FIGRDIAIG BONS s cow cei eee he ence wes BOR eeeN VE SK ER RS 75 55 - 
Biante Mano BONS .scndsdac knee ks ceesweruacennnad 34 25 - 
Exhaust Manifold Bolts (Front and Rear Exhaust Tubes) ..... 35 26 - 
Exhaust Manifold Bolts (Center Exhaust Tube) ............ 50 36 - 
Titi Ghar Cover BONS ca xcsckasaek« veweentsnveecs 10.0 - 90 
HOGHKGS ANN BONS 6 isc oe bn 8 Fads V KO 2e ERC E ESE SERS 30 22 - 
Camshatt Thrust Plate BONS 2.4 ..cacceccsaneaensesncas 10.0 - 90 
Rocker Ait Govier BORE «xen ous cvawsaacevervencds awe 8.5 - 75 
Hydraulic Lifter Guide Retainer Stud ..........cceeeeeeee 10.0 - 90 
Cylinder Head Bolts - See Text ........ ccc cere nceuccees - ~ - 
PUuSITOR COVE! SHIGE sin ia kadaweeneeveeees sens dpaens 10.0 - 90 
RISMICIGUON ON ska va se ob a be Keke MOUS ED Boe ke Da es 34 25 
erieator GE .i0 ns eke wd bo ho Kb sence Nee eee owe ER ees 50 36 
Generator Rear Bracket Bolt .....cssecviscsasnccuseeus 28 21 
Front Engine Mount to Engine Bolt ...........ccccceeees 60 45 
Front Engine Mount to Chassis Bolt ..........ccccceeees 45 33 
Engine Mount Through BGR .ccic cs ccscestanesenensves 65 48 
Flexplate to Torque Converter Bolt .........ccccueseeees 63 46 
EPGING 16 Tras eineent BON os oe kcawe ces ca eens wanee 75 55 


Wheel Lug Nuts 
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SPECIAL TOOLS 


¢ \ J 5892-B 


J 23590 


§34144-A 


J 34924-A 


J 22330 


. Valve Spring Compressor 

. Air Adapter 

. Crankshaft Seal Installer and Centering Tool 
. Main Bearing Replacer 

. Piston Ring Compressor 

Rocker Arm Cover Remover 

. Rear Crankshaft Seal Installer 

. Valve Stem Seal Tester 


ONOnAOND— 


F-10206 
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BLANK 


ENGINE COOLING 6B1 - 1 


SECTION 6B1 
ENGINE COOLING 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 


CONTENTS 
SUBJECT PAGE 
Co | ee er ee Cee ea eine, 6s te) 6B1 - 1 
OGURA SVAN occas é XU bee See EMAC Dae seeuNeswans ie Yah sel e) Clie! Bilw Bile G Steve oy bile Swiss Melee ete 6B1 - 1 
Coolant Recovery Tank .........eeeeeseeee Tere, suena ce senseesncecs ‘tiseeenyge SBT <2 
Water PUMP ..scessancns rer rr Tr 2 TeTrrrrri eT TTETECTLT TCT  Te e 6B1-2 
TRACED tikcccesaneaas Werr er rTitr tT Prrrrrrr eee ee TERRE TTL T TE 6B1 -2 
DIGGNOUIG sas eicensaavaneennn Bahk ScS EES ere w Woes We we 8 A wel ie WS @ ee eo we ware) ei e\e Nn w.e wie 6B1-2 
System CHECKS wanecsuereusucvessns a Rie tg ee ph tk kee a wwe ee eee (Mika we kus eouex 6B1 - 2 
Drive Belt Diagnosis reer Tire enceaenene bAbee RS ERSTE WER’ reer eT TT --. 6B1-3 
Fan Clutch Diagnosis ......... eee eeeees sec eeeeeenee cece eee e eee e eee seees 6B1-4 
Thermostat Diagnosis ...........05: aeeserens evenseeens TeTT TIT TTT TTT TTT 6B1-4 
Coolant Diagnosis ........ Cu veoweraees Terrrir coeccens TreeTTitrie Te rT ... 6B1-4 
Cooling System Diagnosis .........2e00. hike Cena ewe ‘ TreTererriricr Tere . 6B1-6 
Coolant Sight Glass ..........e05005 Terer esenes Tere . peeves wee ene e Ke 6B1 -8 
Uncommon Cooling System Problems ekeeves TeTSTTT TE TICE Teer rr er ee 6B1-8 
On-Vehicle Service ...........eee0e. eccccccnes THETTTTEL TL TEIVTCECECET CEE Cree 6B1-9 
Draining and Filling Cooling System..... TITCETICC CL Era o. 6B1-9 
Flushing Cooling System ........eeeee0: ceccee TESTE EL ELT TEEETTLEREE EEE 6B1-9 
Coolant Recovery Tank Replacement . Treervrrriiitit ii eee 6B1-9 
Fan/Fan Clutch Replacement ..... errr Tee ert ore Te TT TTT eR Te rrr 6B1 - 10 
Thermostat Replacement ..... PTeTTIT TIT Teri re Seuseevweeenawes 6B1 - 11 
Serpentine Drive Belt Replacement .........+++: ceneees ee wc cece eseeee ee eneeencces 6B1 - 11 
Belt Tensioner Replacement .......e.eeeeee8 ceeeee TEETETECCECE ET eT eee ee ee 6B1-13 
Water Pump Replacement ........ccceeeececessescnecnssesssessssescccesssesece GBI = 13 
MPOCHICAUONS saxecansccneeneces ce aeesess TUTETELELELILELE ETE eeecccesee 6B1-14 
SPOOlal TOONS .avcccenvareseensessazesseyvens sees eeccecs Cee eeceraeenn cen eneue 6B1-14 


DESCRIPTION 


radiator. The 103 kPa (15 psi) pressure cap raises the 
boiling point of the coolant to about 125°C (257°F) at 
sea level. 


COOLING SYSTEM 


These vehicles have a pressure-type engine cooling 
system with thermostatic control of the coolant 
circulation. The cooling system is sealed by a 
Pressure-type radiator cap that causes the system to 
Operate at higher than atmospheric pressure. The high 
Pressure operation raises the boiling point of the 
coolant, thereby increasing the cooling efficiency of the 


The pressure-vacuum valve radiator cap allows the 
coolant to expand through the pressure valve in the 
center of the cap without building unnecessary 
pressure, The expanding coolant flows into the coolant 
reservoir. The vent valve closes due to expansion and 
coolant flow (the nominal 103 kPa [15 psi] pressure will 
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not be reached until the system is working at maximum 
capacity). Any air or vapor in the cooling system will be 
forced to the coolant reservoir and out through the vent 
tube at the top of the reservoir. As the system cools, 
the extra coolant in the reservoir will be drawn back to 
the radiator through the vent valve. In this manner, the 
radiator will keep itself full at all times. 


COOLANT RECOVERY TANK 


A*see-through" plastic reservoir, similar to the familiar 
windshield washer jar, is connected to the radiator by 
a hose. As the vehicle is driven, the coolant is heated 
and expands. The portion of the fluid displaced by this 
expansion flows from the radiator into the recovery 
bottle. When the vehicle is stopped and the coolant 
cools and contracts, vacuum draws the displaced 
coolant back into the radiator. Thus, the radiator is kept 
filled with coolant to the desired level at all times 
resulting in increased cooling efficiency. Keep the 
coolant level between "ADD" and "FULL" marks on the 
recovery bottle. These marks are about one liter (one 
quart) apart. Use a 50/50 mixture of ethylene glycol 
anti-freeze and water to keep the system at the "FULL" 
mark when hot. 


WATER PUMP 


The water pump is of the centrifugal impeller-type 
with six impellers. The engine fan is coupled with the 
water pump and the pump body is mounted to the front 
cover. The water pump has enclosed-type ball 
bearings and is sealed with balance-type mechanical 
seals for maximum durability. 


THERMOSTAT 


A pellet-type thermostat in the coolant outlet passage 
controls the flow of engine coolant to provide fast 
engine warm up and to regulate coolant temperatures. 
A wax pellet element in the thermostat expands when 
heated and contracts when cooled. The pellet is 
connected through a piston to a valve. When the pellet 
is heated, pressure is exerted against a rubber 
diaphragm which forces the valve to open. As the 
pellet cools, the contraction allows the spring to close 
the valve. Thus, the valve remains closed while the 
coolant is cold, preventing circulation of coolant through 
the radiator. At this point, coolant circulates throughout 
the engine to warm it quickly and evenly. 

As the engine warms, the pellet expands and the 
thermostat valve opens permitting coolant to flow 
through the radiator where heat is passed through the 
radiator walls. This opening and closing of the 
thermostat permits enough coolant to enter the radiator 
to keep the engine within operating limits. 


DIAGNOSIS 


SYSTEM CHECKS 


EXHAUST LEAKS 

To check for exhaust leaking into the cooling system, 
drain the system until the coolant level stands just 
above the top of the cylinder head, then disconnect the 
radiator upper hose and remove the thermostat and fan 
belt. Start the engine and accelerate several times. At 
the same time note any appreciable coolant rise or the 
appearance of bubbles which may indicate that exhaust 
gases are leaking into the cooling system. 


NOTICE: A worn head gasket may allow exhaust 
gases to leak into the cooling system. This can 
damage the cooling system as the gases 
combine with the water to form acids which are 
harmful to the radiator and engine. 


WATER PUMP 

Check water pump operation by running the engine 
while squeezing the upper radiator hose. When the 
engine warms a pressure surge should be felt. Check 
for a plugged vent hole in the pump. 
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RADIATOR 

Test for restrictions in the radiator by warming the 
engine up and then turning the engine off and feeling 
the radiator. The radiator should be hot along the left 
side and warm along the right side, with an even 
temperature rise from right to left. Cold spots in the 
radiator indicate clogged sections. 


THERMOSTAT 

Make an operational check of the thermostat by 
hanging the thermostat on a hook in a 33% glycol 
solution, -12°C (10°F) below the temperature indicated 
on the valve. With the valve submerged and the 
coolant agitated, the valve should close. 


OVERHEAT AND/OR NOISE 

Restrictions in the cooling system can cause engine 
overheating and/or cooling system noise. 

Components prone to this condition are the cylinder 
head, water pump, block, thermostat housing and inlet 
manifold. Symptoms are: 

@ Engine may make snapping/cracking noises. 

@ Heater core may gurgle or surge. 

e Radiator hoses may collapse and expand. 

e Heater hoses may vibrate and thump. 


Symptoms are caused by coolant boiling at some 
localized area and may be noticed after extended idling 
and/or while driving. Determine which side of the engine 
is involved and whether it is at the front or rear of the 
engine. 


Diagnosis/Inspection 
1. Isolate area by probing engine with sounding bar 
(large screwdriver). 


CAUTION: The radiator cap should be removed 
from a cool engine only. If the radiator cap Is 
removed from a hot cooling system, serious 
personal Injury may result. 


2. With radiator cap removed, observe coolant being 
circulated in radiator. Feel front area of radiator 
for cold spots which indicate blockage. Blocked 
radiators generally occur on units that have 
accrued miles and not on new vehicles. 

3. Inspect thermostat to see if it opens. 

4. Inspect thermostat housing to make sure it is free 
of obstructions. 

5. Remove water pump from vehicle and remove 
back cover on pump. Inspect all internal 
passages using a flashlight. 

6. Remove head and check block with a pen light 
flashlight. Never replace block unless restricted 
area can be SEEN. 

7. Inspect head if problem is not found. Head with 
blocked coolant passages generally have more 
than one area that is blocked. Look for signs of 
overheat discoloration (dark blue or black area). If 


none are found, look in coolant passages for 
blockage and probe all accessible passages. 


The head is intricate and all the passages cannot 
be reached. Use a substantial wire to go through 
or around partially blocked area. If nothing is 
found by visual inspection and probing, inspect 
passages for a rough, ragged appearance. The 
roughest internal passages are probably the ones 
that are blocked. 


Replace blocked or suspect head and inspect the 
replacement head before installation. 


DRIVE BELT DIAGNOSIS 


Belts and pulleys wear evenly with use. Unusual 
signs of wear indicate some correction is needed. The 
correction of any of the listed conditions will help extend 
belt life. 


CAUSES OF BELT FAILURE 
— Misalignment of the pulleys. 
— Wrong size belt. 
— Wrong length belt. 
— Wrong tension. 
— Damaged or bent pulleys. 
— Belt damaged during installation. 
— Oil or grease on belts. 


SLIP BURN 

Slip burns occur when the belts are too loose or 
slipping underload. Install a new belt and check belt 
tension. Check for a worn pulley. 


FABRIC TEAR 
A fabric tear can be the result of: 
— Operating a belt on a worn pulley. 
— Belt tension too light. 
— Dirty pulley grooves. 
— Pulley misaligned. 


COVER TEAR 

Cover tears result when the belts are too loose or too 
long and the belt rubs against other components. 
Check the belt tension and ensure the correct length of 
belt is installed. 


INTERNAL CORD DAMAGE 

Cords may be broken by prying the belt onto the 
pulley or debris on the pulley. Replace the belt and 
check belt tension. 
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BELT GLAZED 


A glazed belt is the result of slipping. One of the 


following conditions may be the cause: 
— Oil on belt surfaces. 
— Incorrect belt tension. 
— Incorrect belt size. 
— Misaligned pulley. 
— Binding pulley. 
— Bent pulley. 


UNUSUAL SOUNDS 


Squeal 

A belt that has a noise resembling a squeal is usually 
caused by a loose belt. Belt squeal will change with the 
engine speed, squeal will be most noticeable during 


acceleration. Check loose or glazed belt and worn 
pulleys. Check belt tension and check the pulley 
alignment. 
Chirping 


Chirping is usually heard at engine idle or on cold, 
damp mornings. Belt chirping will disappear as the 
engine and the belt reach operating temperature. 
Check belts for proper belt tension. Make sure the 
pulleys are aligned properly. 


ENGINE VIBRATION 


Fan Blade Assembly Damaged 

Fan blades that are split loose, bent, or have loose 
mounting brackets or shaft assembly, may cause the 
engine to vibrate. Replace the fan blade assembly. 
Tighten the mounting bracket or shaft assembly and 
check the pulley alignment. Check the belts and 
pulleys for damage and check the belt tension. 


Flat Spots 

Flat spots may result by not relieving the belt tension 
while storing the vehicle or engine. A temporary engine 
vibration may occur when the engine is first started. 
Flat spots on the belts may disappear during normal 
engine operation. If flat spots remain, replace the belt. 


FAN CLUTCH DIAGNOSIS 


NOISE 

Fan noise is sometimes evident under the following 
normal conditions: 

— When the clutch is engaged for maximum cooling. 


— During the first few minutes after start-up until the 
clutch can re-distribute the silicone fluid back to its 
normal disengaged operating condition (after 
overnight settling). 


Fan noise or an excessive roar will occur 
continuously. If the fan cannot be rotated by hand or 
there is a rough grating feel as the fan is tumed, 
replace the clutch as explained in this section. 


LOOSENESS 

Check a loose fan assembly for wear and replace as 
necessary. Under various temperature conditions, there 
is a visible lateral movement at the tip of the fan blade. 
Approximately 6.5 mm (1/4-inch) maximum lateral 
movement measured at the fan tip is allowable. This is 
not cause for replacement. 


SILICONE FLUID LEAKS 

The fan clutch operation is not affected by small fluid 
leaks which may occur in the area around the bearing 
assembly. If leakage appears excessive, replace the 
fan clutch as explained in this section. 


ENGINE OVERHEATING 

If the fan and clutch assembly free-wheels with no 
drag (revolves more than five times when spun by 
hand), replace the clutch as explained in this section. 


THERMOSTAT DIAGNOSIS 


Refer to the thermostat diagnosis chart for detailed 
thermostat diagnostic procedures (figure 1). 


COOLANT DIAGNOSIS 


To determine the freezing point of the coolant, 
perform a hydrometer test. 


HYDROMETER TEST 

Before using a hydrometer, make sure the 
hydrometer markings are correct. Unless the 
hydrometer has a provision for temperature correction, 
test the temperature at which the hydrometer is 
calibrated. If the coolant is warmer or cooler, the 
reading may be incorrect. 

Most good hydrometers are equipped with a 
thermometer and a temperature correction scale which 
permits an accurate test of the freezing point over a 
range of temperatures. Follow the manufacturer's 
directions on using the hydrometer. 
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ENGINE OVERHEAT—BOILING—POOR ENGINE COOLING 


. RELIEVE PRESSURE AND CAREFULLY 
. REMOVE THE RADIATOR CAP. 

. RUB 96.6°C (206°F) TEMPERATURE 
STICK* ONTO THE THERMOSTAT HOUSING. 
WARM UP THE ENGINE AT FAST IDLE: 

WATCH FOR COOLANT FLOW BEFORE THE MARK 
BEGINS TO MELT. 


COOLANT FLOW 
PROBLEM IS CAUSED BY OTHER THAN BAD THERMOSTAT. 


COLD ENGINE—SLOW WARMUP—NOT ENOUGH HEAT 


. RELIEVE PRESSURE AND CAREFULLY 
REMOVE THE RADIATOR CAP. 

. RUB 86.6°C (188°F) TEMPERATURE 
STICK* ONTO THERMOSTAT HOUSING. 
WARM UP ENGINE AT FAST IDLE. 

WATCH FOR COOLANT FLOW BEFORE THE MARK 
BEGINS TO MELT. 


NO COOLANT FLOW 


PROBLEM IS CAUSED BY OTHER THAN BAD THERMOSTAT. 


INSTALL NEW 
THERMOSTAT. 


NO COOLANT FLOW 


RE-CHECK 
TO BE SURE 
SYSTEM IS OK 


INSTALL NEW 
THERMOSTAT. 


RE-CHECK 
TO BE SURE 
SYSTEM IS OK 


COOLANT FLOW 


*1THE TEMPERATURE STICK IS A PENCIL LIKE DEVICE WHICH HAS A WAX MATERIAL CONTAINING 

CERTAIN CHEMICALS WHICH MELT AT A GIVEN TEMPERATURE. TEMPERATURE STICKS CAN BE USED TO 
DETERMINE A THERMOSTAT'S OPERATING TEMPERATURE BY RUBBING 86.6°C (188°F) AND 96.6°C 

(206°F) STICKS ON THE THERMOSTAT HOUSING. THE MARKS MADE BY THE STICKS SHOULD MELT WHEN - 
COOLANT TEMPERATURES OF 86.6°C (188°F) AND 96.6°C (206°F) ARE REACHED, RESPECTIVELY, THESE 
TEMPERATURES ARE THE NORMAL OPERATING RANGE OF THE THERMOSTAT, THEREFORE, IF THE 
COOLANT FLOWS AS INDICATED ON THE DIAGNOSIS CHART, THE THERMOSTAT MAY BE WORN. 


COOLANT TESTER 

Coolant testers J 26568 (Centigrade Scale) and J 
23688 (Fahrenheit Scale) can be used to atl the 
anti- freeze protection of the coolant. 


fry] I7# Clean 


@ Before each use, swing back plastic cover at 
slanted end of tester exposing measuring window 
and bottom of plastic cover. WIPE BOTH CLEAN 
AND DRY with tissue or clean soft cloth. Close 
plastic cover (figure 2). 


Testing 

Do not remove the clear plastic pump from the tester. 
Release the tip of the pump from the tester housing and 
insert the tip into the radiator filler neck. Insert the tip 
below the level of the coolant (figure 3). 


Figure 1 — Thermostat Diagnosis 


F-01125 


Press and release the bulb to draw a sample. Bend 
the plastic tube around and insert the tip into the cover 
plate opening. Press the bulb and inject a few drops of 
coolant onto the measuring surface. Do not open the 
plastic cover when taking the readings because water 
evaporation can change the reading. 


J 26568 OR 
J 23688 


F-10298 
Figure 2 — Cleaning Coolant Tester 
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* F-02283 
Figure 4 — Reading Coolant Tester 


Reading 

Point the tester toward any light source and look into 
the eyepiece (figure 4). The antifreeze protection 
reading is at the point where the dividing line between 
light and dark (edge of the shadow) crosses the scale: 
The antifreeze protection is the right scale, battery 
charge is on the left. 

The tester temperature scale is reversed from a 
standard thermometer scale; below zero readings are 
on the upper half of the scale. Readings on the lower 
half of the scale (above zero readings) indicate 
solutions without enough antifreeze concentration to 
provide adequate rust protection. 

Tilt the tester toward the light source to obtain the 
best results. If the "edge of the shadow’ is not sharp, 
the measuring surfaces were not clean or dry. Wipe 
dry and make new test. 


COOLING SYSTEM DIAGNOSIS 


Refer to the cooling system diagnosis chart for 


detailed cooling system diagnostic procedures (figures 
5 and 6). 
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OVERHEATING 
(TEMPERATURE GAGE HIGH, HISSING, RUMBLE, STEAM, POWER LOSS) 


COOLANT LEVEL 


FAN BELT 


GAS LEAKS INTO SYSTEM 


ENGINE BLOCK 


TIGHTEN 
BUBBLES IN COOLANT 


REPAIR REFER TO CHART B 


COLLAPSE 
REPLACE REFER TO THERMOSTAT DIAGNOSIS 


F-10152 
Figure 5 — Overheating 
Diagnosis — Chart A 
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COOLANT SIGHT GLASS 


OVERHEATING The coolant sight glass (2) is located on the right 
an side radiator tank just below the upper transmission 
cooler pipe inlet (figure 7). 

Use the sight glass to quickly inspect the level and 
condition of the coolant. If the level is low or the 
coolant is dark in color, refer to "Coolant Diagnosis* in 
this section. 


UNCOMMON COOLING SYSTEM 
PROBLEMS 


Problems Not Requiring Disassembly Of Cooling 
System 
1. Remove large obstructions blocking radiator or 
condenser. 
e License plates. 
e Ice, mud, or snow obstructing grille. 
2. Engine oil is overfilled. 
3. Worn or damaged emission system components. 
e@ Could cause overheating at idle. 
Loose, damaged, or missing air seals. 
Missing or damaged lower air baffle. 
Incorrect ignition timing. 


Oasp, 


REFER TO OTHER FACTORS 


Problems Requiring Disassembly Of Cooling System 
1. Incorrect or damaged fan. 
2. Incorrect radiator for application. 
e@ Check part number. 
3. Pressure check cooling system with pressure cap 
installed. 


e Signs of pressure cap leaks because of radiator 
OTHER FACTORS filler neck damage. 
4. Worn or damaged water pump. 


@ Impeller vanes eroded or broken. 
@ Worn or damaged bearing and/or seal-check for 
shaft or bearing play. 
5. Plugged radiator tubes. 


@ Perform a flow check. 
EXCESS ENGINE OIL ‘ m heck 


Internal system leaks. 
@ Head gasket. 
BLOCKED AIR FLOW @ Cracked block. 


@ Intake manifold gasket. 
7. Plugged coolant passages in cylinder head. 
e Visual check. 


F-10153 


Figure 6 — Overheating ' 
Diagnosis — Chart B 
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ON-VEHICLE SERVICE 


DRAINING AND FILLING 
COOLING SYSTEM 


Draining 


Ponw> 


Place drain pan under radiator drain cock. 

Install tube on drain cock. 

Place end of tube in pail or pan. 

Be sure cooling system is cool, then remove 
radiator cap. 

Open drain cock completely. 

Let cooling system drain until flow stops. 

Place drain plug under engine block. 

Remove drain plug in engine block. 

Let engine block drain until flow stops. There may 
be some more drainage from radiator at this time. 
Replace engine block drain plug. 

Close radiator drain cock. 


Filling 


1, 


2, 
3. 


Check radiator drain cock to be sure that it is 

closed. 

Check engine drain plug to be sure that it is tight. 

Premix antifreeze, with clear water on a 50/50 

ratio. 9 

@ If old coolant is being reused, check it for 50/50 
glycol/water mix and make sure that it is clean 
and clear. 


. Place large top funnel in radiator fill hole. 
. Slowly pour in the coolant. The amount needed 


for vehicle should be known. Filling may be 
slowed because of thermostat being closed. 


. After cooling system is filled to 13 mm (1/2-inch) 


below fill hole, start engine and let cooling system 
warm up. When thermostat opens, coolant level 
may drop. If level drops, add coolant until level is 
up to fill hole. 

Replace radiator cap. 

Check coolant level in recovery tank. Add coolant 
if needed. 


FLUSHING COOLING SYSTEM 


Follow manufacturer's instructions when using their 
flushing equipment. 


Important 


@ Remove thermostat 


before flushing cooling 
system. 


. Spring Clamp 
. Coolant Sight Glass 
. Coolant Tank 
. Screw 
. Hose 
Figure 7 — Coolant Recovery System 
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COOLANT RECOVERY TANK 
REPLACEMENT 


Remove or Disconnect (Figure 7) 


1, 


2. 
3. 


Hose (5) from coolant tank (3). 
@ Catch coolant in drain pan. 
Screw (4). 

Coolant tank (8). 


Install or Connect (Figure 7) 


1. 
2. 


[Al Tighten 


3. 


Coolant tank (8) to vehicle. 
Screw (4). 


e@ Screw (4) to 9 Nm (7 ft. Ibs.). 


Hose (5) to coolant tank (8). 

e Fill tank to proper level with 50/50 ethylene | 
glycol coolant/water in accordance with GM 
Specification 1825-M. 
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FAN/FAN CLUTCH 1. Fan (7) to clutch assembly (8). 
REPLACEMENT > &, Base ie) 


[a] Tighten 


@ Bolts (6) to 35 Nm (26 ft. Ibs.). 


Remove or Disconnect (Figure 8) 


1. Upper fan shroud. Refer to RADIATOR (SEC. 


6B2). 3. Fan (7) and clutch assembly (8) to studs (10). 
2. Nuts (9). 4. Nuts (9). 
3. Fan (7) and clutch assembly (8) from studs (10). 
4. Bolts (6). (al Tighten 
5. Fan (7) from clutch assembly (8). 
@ Nuts (9) to 29 Nm (21 ft. Ibs.). 
Inspect 


@ All mating surfaces for smoothness. Rework as 5. Upper fan shroud. 
necessary to eliminate burrs or other 
imperfections. 


Install or Connect (Figure 8) 


CAUTION: Do not use or repair a damaged fan 
assembly. An unbalanced fan assembly could fly 
apart and cause personal injury and/or property 
damage. Replace damaged assemblies with new 
assemblies. 


. Do Not Allow Clutch Assembly To 
Rest On Mounting Flange As Loss Of 
Lubricant Fluid May Occur. 

. 5/16-Inch Thread (Short End) 

Must Be Installed In Water Pump. 

. Bolt 

. Fan 

. Clutch Assembly 

. Nut 


Figure 8 — Fan/Fan Clutch Replacement 


. Bolt 

. Stud 

. Outlet 

. Thermostat 

. Coolant Temperature Sensor 
. Housing 

. Bolts 

. Gasket 


Figure 9 — Thermostat Repiacement 


THERMOSTAT REPLACEMENT 


Remove or Disconnect (Figure 9) 


Coolant from radiator. 
Bolt (11). 

Stud (12). 

Outlet (13). 
Thermostat (14). 


5. 
Clean 


e All parts and sealing surfaces. 


Pons 


Install or Connect (Figure 9) 


. 1. 3 mm (1/8-inch) bead of RTV sealer 1052289 or 
equivalent to groove on water outlet sealing 
surface. 

Thermostat (14). 

Outlet (13). 

Bolt (11). 

Stud (12). 


[a] Tighten 


@ Bolt (11) and stud (12) to 28 Nm (20 ft. Ibs.). 


aPonr 


6. Coolant to radiator. 
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F-10156 


Inspect 


e Mating surfaces for coolant leaks. 


SERPENTINE DRIVE BELT 
REPLACEMENT 


A replacement belt must match the belt being 
removed. Use GM part number 10043021 or equivalent. 

Maintaining the serpentine drive belt and pulleys can 
extend the normal life of a drive belt. 


PULLEY INSPECTION 
Examine pulleys for chips, nicks, tool marks, cracks, 
bent sidewalls, corrosion, or other damage. 

1. Place straightedge or position cord across two 
pulleys so they touch at all points. 

2. Turn each pulley one half revolution and recheck 
with straightedge or cord. Full contact at all points 
must be made. If contact is not made at all 
points, pulley may be warped or its shaft could be 
bent. Replace any parts found to be damaged. 


DRIVE BELT INSPECTION 


Replace a worn, frayed, cracked or damaged belt. 
Do not use drive belt dressings to extend bett life. 
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BELT TENSIONER INSPECTION 

With a new belt installed on the vehicle, the pointer 
should fall within the two indicators shown in figure 10. 
If a belt tensioner is suspected of being faulty, ensure 
the correct belt is installed, the belt routing is correct 
and the belt is properly seated in the pulley grooves. 
Replace tensioner if pointer does not indicate as 
specified. 


BELT INSTALLATION 

Install a serpentine belt following the belt routing 
(figure 11). The grooves in the belt must match the 
grooves in the pulleys. 

The tensioner is spring loaded. After removing the 
belt, the tensioner will return the tension position. 


A. Belt Tensioner Pointer (On Spring Cage) 
B. Maximum Belt Length Indicator (On Arm) 
C. Minimum Belt Length Indicator (On Arm) 


F-10341 
Figure 10 — Belt Tensioner Inspection 


DRIVE BELT REPLACEMENT (Figure 11) 
Remove or Disconnect 
1. Insert 1/2-inch breaker bar into tensioner (24). 


2. ‘ Rotate tensioner (24) to left (counterclockwise). 
3. Belt (20). 


Install or Connect (Figure 11) 


1. Route belt (20) over all pulleys except water pump 
pulley (22). 

2. Insert 1/2-inch breaker bar into tensioner (24). 

3. Rotate tensioner (24) to left (counterclockwise). 

4. Belt over water pump pulley (22). 

5. Remove tool. 


Inspect 


e Belt for correct groove tracking. 


2.5 L ENGINE 


A. Inseam Breaker Bar Here 
. Belt 
. Power Steering Pulley 
. Water Pump Pulley 
. Crankshaft Pulley 
. Tensioner 
. Generator Pulley 


F-10157 
Figure 11 — Serpentine Drive Belt Routing 
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BELT TENSIONER REPLACEMENT 


Remove or Disconnect 


1. Drive belt as explained previously in this section. 


2. Bolt (29) retaining tensioner to bracket. 
3. Tensioner (24). 


Install or Connect 


1. Tensioner (24). 
2. Bolt (29) retaining tensioner to bracket. 


By Tighten © 


@ Bolt (29) to 83 Nm (61 ft. Ibs.). 


8. Drive belt as explained previously in this section. 


24. Tensioner 
29. Bolt 


Figure 12 — Belt Tensioner Replacement 


WATER PUMP REPLACEMENT 


Remove or Disconnect (Figure 13) 


1. Coolant from radiator. 
2. Upper fan shroud. 
e@ Refer to RADIATOR (SEC. 6B2). 


3. Fan and fan clutch assembly as explained under 


"Fan/Fan Clutch Replacement" in this section. 
4. Water pump pulley. 
5. 


. Serpentine belt as explained under "Drive Belt 


Replacement" in this section. 
Clamps and heses. 

Bolts (28). 

Water pump (27). 

Gasket (26). 


DONQ 


Inspect 


e All parts and replace as necessary. 


Important 


@ Be sure all mating surfaces are free of burrs or 
other imperfections. 


Install or Connect (Figure 13) 


1. Gasket (26) in place. 
2. Water pump (27). 
3. Bolts (28). 
e@ Coat bolt threads with sealant 1052080 or 
equivalent. 


[A] Tighten 
@ Bolts (28) to 23 Nm (17 ft. Ibs.). 


4. Clamps and hoses. 

5. Water pump pulley. 

6. Fan and fan clutch assembly as explained under 
"Fan/Fan Clutch Replacement" in this section. 

7. Serpentine drive belt as explained under "Drive 
Belt Replacement’ in this section. 

8. Upper fan shroud. 
e@ Refer to RADIATOR (SEC. 6B2). 
Coolant to radiator. 


9. 
Important 


e Start engine and check for leaks. 


26. Gasket 
27. Water Pump 
28. Bolts 


F-10158 
Figure 13 — Water Pump Replacement 


6B1 - 14 ENGINE COOLING 
SPECIFICATIONS 


GENERAL SPECIFICATIONS 


Cooling System Capacity (Approx.) ......c cee eee eeenene 11.5 Litres (12 Quarts) 
THEMNOSAT cc kei hea es ew ewes we ee CAKE Re Eee REDS Part No. 3051139 
Degree Fating) «cose cn cece xe ere ee Owe ee Hee ena eee Starts opening 91°C (195°F) 
Fully open 103°C (217°F) 
Coot Fa ox cas eu x oe 6468 2h056 64 TRE RETR T ARERR EOS Part No. 15560626 
Clute Fatt «ca 6 as 00 ke ce eee weed Rew BEW UN R ER ERT Ze « Part No. 22073436 
Radiator Pressure Cap <x csiansvcces sus unsanenssn eens Part No. 6410785 (RC-36) 
PiaHeurd FISH » » kn 0s oe xe Sa ee ke hk Ke ew ERE ee OY 15 Ib. 
Cle BA oe eddie hea ke eee eee beta beeen se hed hes ees Part No. 10043021 
LENORE vcd eon coe 64 Foe SS SSSESERE SHER SIER ECC RER ES 1928mm + 4.8mm 
(75.9 inches + 1.9 inches) 
WE ¢.v vs Rw CHR SOS RES OR ee ee 20.36mm to 22.36mm 
(0.80 inches to 0.88 inches) 
TRIRIOSS oka wee ewe 0n Rede eT oe cae xe CEE DERD SEES 4.4mm to 6.6mm 
(0.17 inches to 0.26 inches) 
Bok TOMSICUIG! 25654 oe ba we ee ee Se Eke BEd KER SA ROOD Part No. 10124631 
TORQUE SPECIFICATIONS 
N'm Ft. Lbs. 
Coeiant Tank See sos aoe 64000 Fe ae Nke Oe ewene ves 9 7 
Fan tO GUC BOR sic nc cece as eee eed caw wae eweer eas en 35 26 
Thermostat Outlet Housing Bolt ..........ccccceesccccs 28 20 
Thermostat Outlet Housing Stud.......... cece eee eceee 28 20 
Water Pump to Engine Block Bolt ........ccceeceevuees 23 17 
Fan te Pulley NOE cass ceca we cucu e ue cee eed bee scca enn 29 21 
Belt Tensioner Bol siascacendnude wes seu vee ceases aeass 83 61 


1. Coolant Tester 
— J 23688 (Farenheit Scale) 
— J 26568 (Centigrade Scale) F-10159 
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SECTION 6B2 
RADIATOR 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 
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DESCRIPTION 


RADIATOR 


The radiator is a cross flow, tube and center-type. 
(Refer to figure 1.) 

All radiators are fitted with a shroud designed to 
assist the fan in directing air flow through the radiator 
core and to also serve as a fan guard. Provision for 
coolant expansion is achieved with a coolant recovery 
tank. This retards coolant overflow, and reduces 
frequent refills. 

The radiator has a drain cock installed to aid in 
draining engine coolant. The drain cock must be 
turned counterclockwise to drain the coolant (figure 1). 

Pressure is maintained in the radiator and system by 
a pressure cap. The pressure cap has two valves; one 
relieves pressure and the other compensates for 
coolant contraction when the engine is stopped. 
Radiator caps are provided in 103 kPa (15 psi) rating. 


Radiators used with automatic transmissions have oil 


coolers built into the RH tank with inlet and outlet 
fittings for transmission fluid circulation. 


[ 2 ]important 


e As a 1991 model year change, beginning with 
Vehicle number M2910576, aluminum radiators are 
used. Vehicles built prior to this use a copper/brass 
radiator. 


RADIATOR CAP 


A pressure-vent cap is used on the cross flow 
radiator to allow a build-up of 103 kPa (15 psi) in the 
cooling system. This pressure raises the boiling point of 
the coolant to about 125°C (257°F) at sea level. Do not 
remove the radiator cap to check the engine coolant 
level; check the coolant visually at the see-through 
coolant reservoir. Coolant should be added only to the 
reservoir. 
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SS 


CAUTION: As long as there Is pressure In the 
cooling system, the temperature can be considerably 
higher than the boiling temperature of the solution in 
the radiator without causing the solution to boil. 
Removal of the radiator cap while the engine Is hot 
and the pressure Is high will cause the solution to 
boil Instantaneously and possibly with explosive 
force, spewing the solution over the engine, fenders 
and person removing the cap. If the solution contains 
flammable antifreeze such as alcohol (not 
recommended for use at any time), there Is also the 
possibility of causing a serious fire. 


The pressure-type radiator filler cap contains a blow 
off or pressure valve and a vacuum or atmospheric 
valve. The pressure valve is held against its seat by a 
spring of pre-determined strength which protects the 
radiator by relieving the pressure if an extreme case of 


Turn Counterclockwise to Drain Coolant 
Insulator 


Radiator Cap 

Clamp 

Coolant Recovery Tank 

Coolant Recovery Tank Cap 13. 


OMNAAHAWN> > 


Figure 1 — Radiator Installation Component View 


Shroud Bolts 


Bolt 14. Lower Fan Shroud 20. Insulator 
Clamp 15. U-nut 21. Clamp 
10. Hose 16. Outlet Hose 22. Inlet Hose 
11. U-nut 17. Clamp 23. Clamp 
12. Upper Fan Shroud 18. Clamp 24. Drain Cock 


internal pressure should exceed that for which the 
cooling system is designed. The vacuum valve is held 
against its seat by a light spring which permits opening 
of the valve to relieve vacuum created in the system 
when it cools off and which otherwise might cause the 
radiator to collapse (figure 2). 

The design of the radiator cap is to discourage 
inadvertent removal. It must be pushed downward 
before it can be removed. A rubber asbestos gasket is 
added to the diaphragm spring at the top of the cap. 
Also, embossed on the cap is a caution against its 
being opened and arrows indicating the proper closed 
position (figure 3). 


19. Radiator 


F-10252 


4. Radiator Cap 
25. Pressure Valve Spring 
26. Vacuum Valve 
27. Pressure Valve 


Figure 2 — Pressure Cap 
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28. Cap Locking Tang 
29. Filler Neck Safety Detent 


Figure 3 — Radiator Cap and Filler Neck 


DIAGNOSIS 


RADIATOR 


LEAKING TESTING 

Some core leaks can be detected by adding water to 
the radiator. Clean the core so that the damaged area 
can be found. 

1. Remove dirt and insects from the fins with a 
common water hose without a nozzle. Excessive 
water pressure could damage the fins. 

2. Serub the core with a soft-bristle brush using 
clean, hot water or hot water with a mild detergent. 


ON-VEHICLE PRESSURE TESTING 

You can pressure-test radiator with J 24460-1 and J 
23699 (figure 4). With system at a cool temperature, 
remove the radiator cap, connect the gage, and apply 
normal system operating pressure. Do not exceed 138 
kPa (20 psi). Watch the gage needle for an indication of 
a leak, and examine the radiator and other cooling 
system parts for escaping coolant. 
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Repair hose and hose connections as required. 
Check the radiator cap to ensure that it will maintain 
correct pressure. 

If the radiator leaks during the pressure test, mark 
the-leak area. 


1. Rubber Test Cap 


2. Oil Cooler Plug F-10259 


Figure 5 — Oil Cable Plugs 


J 24460-0 


RADIATOR CAP 


The seal of the filler cap and the operation of the 
pressure relief valve can be checked using a 
conventional cooling system testing kit (figure 6). 


Figure 4 — Pressure Testing 
OFF-VEHICLE LEAK TESTING 


NOTICE: Do not use boil-out tanks or vats or other 
tanks that have been used for copper and brass 
radiators. The flux, acid, and caustic cleaners 
remaining in these tanks will attack the aluminum and 
cause radiator failure. Use a separate test tank 
containing clean water for servicing aluminum/plastic 
radiators. 


1. Install test fittings or rubber test caps in the inlet 
and outlet necks and seal the oil cooler fittings 
with metal plugs to protect cooler and keep the 
fluid from running out (figure 5). 

2. Attach the pressure tester and gradually apply air 4. Radiator Cap 
pressure until 138 kPa (20 psi) is attained. Do not F-10262 
exceed 138 kPa (20 psi). Check the pressure gage 
to see if there is a pressure loss. To ensure that 
there are no small leaks, run water over repair 
area and look for bubbles. (A mild detergent is 
helpful.) If a large water tank is available, 
submerge radiator and check for air bubbles. 


Figure 6 — Tester Radiator Pressure Cap 
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RADIATOR MAINTENANCE 


Check the outside of the radiator for bent fins or 
signs of leakage. Repair leaking radiator cores. 

Do not seal temporarily with a sealed-type antifreeze 
or coolant additive. Remove any stones between the 
fins. Clean loose debris and road film from radiator 
core with a quality grease solvent and compressed air. 
Direct the stream of solvent at the front of the core for 
more efficient cleaning. 

To insure a thorough cleaning, remove the grille, the 
fan guard, and the fan shroud. 

Remove the radiator cap and look for plugging and 
scale on the inside of the tank. Replace a badly 
plugged radiator. Test the radiator and system as 
described in ENGINE COOLING (SEC. 6B1). 

1. Check coolant level. If low, add recommended 
coolant as required. 

2. Check hose conditions and tighten clamps if 
leakage is evident. Replace cracked, stripped, or 
corroded clamps. 

3. Check coolant hoses for sponginess and 
appearance. Replace deteriorated hoses or 
bursting could occur which would result in coolant 
loss and extensive damage due to overheating. 

4. Check radiator core for leaks and for accumulation 
of dirt which may obstruct air passages and 
reduce heat transfer. 

5. Check surge tank or recovery tank for leaks. 
Plastic bottles may develop cracks from being 
damaged by flying objects. 

6. Inspect radiator rubber insulators and bumpers for 
deterioration and replace as necessary. Check 
mounting bolts, supports, braces, tie rods, and 
stabilizer rods. Components should be securely 
fastened in place if mounting bolts are missing, 
loose, or stripped. Also check for damage to core, 
side flanges, and supporting components. 

7. Check for clearance between fan blades, core, 
and shroud. Check fan attaching bolts for 
tightness and that none are missing. Replace fan 
if any blade is bent. The distance between blades 
and shroud should be equal around entire 
perimeter of shroud. Adjust as necessary after 
any adjustment has been made to fan or fan 
mounting bracket and hub. 

8. Inspect filler cap seal for evidence of cracking, 
separation or deterioration. Replace as required. 


9. To assist in maintaining efficient heat dissipation, 
an occasional external flushing with water will 
remove the majority of dirt accumulation and 
foreign matter from between core fins. Direct 
water under moderate pressure from behind core 
to force debris out in opposite direction of its 
entry. Direct water stream in line with fins to 
reduce possibility of bending fins. 


RADIATOR INTERNAL DEPOSITS 

A radiator that has a dirty, obstructed core or is 
leaking will cause the engine to overheat. A scale 
deposit inside the radiator is a result of using hard, high 
mineral content water in cooling system. The effect of 
heat on the minerals in the water causes the formation 
of scale, or hard coating, on metal surfaces within the 
radiator, thereby reducing the transfer of heat. Some 
hard water will produce a silt-like deposit which restricts 
the flow of water. This must be flushed out at least 
twice a year — more often if necessary. 


SCALE REMOVAL 

To remove the hardened scale, a direct chemical 
action is necessary. A flushing compound at the 
specified rate of 30 grams per liter (4 oz. per gallon) of 
radiator capacity, should be added to the coolant water 
in the form of a dissolved solution while engine is 
running. Operate the engine for 15 minutes, then drain 
and flush the system with clean water. 

There are various types of flushing compounds 
commercially available and should be obtained from a 
reliable source. Most compounds attack metals and 
should not remain in the engine for more than a few 
minutes. A neutralizer should be used in the cooling 
system immediately after a descaling solvent is used. 

For extremely hard, stubborn coatings, such as lime 
scale, use a stronger solution. The corrosive action of 
a stronger solution will affect the thin metals of the 
radiator, thereby reducing its operating life. A complete 
flushing and rinsing is mandatory and must be 
accomplished skillfully. 

After the solvent and neutralizer have been used and 
the cooling system is flushed, drain the entire system 
and fill it with clean, soft water plus a rust inhibitor or 
high boiling-type antifreeze. After filling the cooling 
system, check for radiator, hose, and engine coolant 
leaks, 
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ON-VEHICLE SERVICE 


RADIATOR REPLACEMENT 


8. Transmission fluid cooler lines (80 and 31) to 


radiator. 
Remove or Disconnect (Figure 1 and 7) [A] Tighten 
1. Coolant from radiator. ® Fittinas : 
2. Overflow hose clamp (5) and hose (10) from Pn ey 
radiator. . 
4. Ho 
3. Seven upper fan shroud bolts (13) and shroud hrs og ne EE) Hae AERIS (NG Gael 25) Te 
(12). 5, Heater hose to radiator. 
4. Hose clamps (18 and 23) and hoses (16 and 22) 6. Upper fan shroud (12) and bolts (43). 
from radiator. 
5. Heater hose from radiator. 
6. Transmission fluid cooler lines (80 and 31). [AA] Tihten 
7. Radiator (19). ° ’ 
8. Lower insulators (1 and 20) if required. Bm 10 UY Fats RL, 
7. Overflow hose (10) and clamp (5). 
[1S] inspect ® Coolant to radiator. 
e@ All parts and connections for leaks and wear. = Tee Syston 


Replace if necessary. 


Install or Connect (Figures 1 and 7) 


1. Insulators (1 and 20) if removed. 
2. Radiator (19). 


A 
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30. Upper Cooler Line 
31. Lower Cooler Line 


F-10255 
Figure 7 — Transmission Fluid Cooler Lines 


RADIATOR REPAIR 
COPPER/BRASS RADIATOR 


Vehicles produced from 1987 up until vehicle number As a1691 modelvear cha — ; ‘ 
: nge, beginning with vehicle 
M2910575 in the 1991 model year use a copper/brass number M2910576, Hal anes are used, 
radiator. If repair of this radiator becomes necessary, —ehicles built prior in this diator. 
it is recommended that the radiator be taken to an ee 6 NER 8 SRpPRI Eas Bae 
authorized A/C Delco Repair Center. 


ALUMINUM RADIATOR 


RADIATOR 6B2 - 7 


This radiator utilizes an aluminum core with plastic 
side tanks. The core and side tanks can be replaced 
separately and core repair is easily made with the hot 
melt adhesive method. A transmission oil cooler is 
located in one of the side tanks. The oil coolers can be 
replaced. The drain is located on the lower part of one 
of the tanks. The drain cock is also serviceable. 


CORE 

The core is made of aluminum and is of the cross 
flow design utilizing large tubes that resist plugging. 
Repairs to the tubes and core are made using the hot 
melt adhesive method. 

The core is attached to the side tanks by clinched 
tabs on the core that can be bent back if tank or core 
replacement is required. 


. Inlet Tank 

. Side Tank Gasket 

Core 

Transmission Oil Cooler 
Outlet Tank 

Cooler Gasket 

Cooler Retaining Nut 
Drain Cock 


ONOMAONS 


Figure 8 — Radiator Component View 


If the damage to a tube is too severe, that tube can 
be blocked or plugged, refer to “Tube Blocking" as 
explained later in this section. No more than two tubes 
should be blocked on a core. Replace the core if more 
than three tabs are broken on one side or if two 
adjacent tabs are broken. 


TANKS 

The tanks are fastened to the core by clinched tabs 
attached to the sides of the core. The clinched tabs 
can be bent back if the tanks need to be removed from 
the core. Bend the tabs back only enough to remove 
the tank. Overbending will weaken the tabs. 
A high temperature rubber gasket is used to seal the 
mating surface between the core and the tank (figure 
8). Replace the gasket when a tank is removed from 
the core. 


F-10257 
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TRANSMISSION OIL COOLER 

Replace the oil cooler by removing the tank from the 
core. 

A leaking oil cooler gasket can be replaced without 
removing the tank from the core. 


DRAIN COCK 

The aluminum/plastic radiator utilizes a two-piece 
plastic drain cock and a rubber seal. The drain cock is 
serviceable (figure 9). 


F-10258 
Figure 9 — Installing Drain Cock 


REPAIRABLE LEAKS 

There are two types of leaks that can be repaired on 
the aluminum/plastic radiator: core leaks and gasket or 
seal leaks. Leaks in the plastic tanks cannot be 
repaired (figure 10). 

Core leaks can occur in a tube or in the joints 
between the tubes and headers. Gasket leaks can 
occur in the joints between the plastic tanks and the 
headers or in the joints between the oil cooler fittings 
and the tank. Some leaks can be repaired while the 
radiator is on the vehicle; however, it is usually best to 
remove the radiator. 


REPAIR METHODS 
There are several methods that can be used to repair 


the radiator core, but the hot metal adhesive method 


repair kit is the most simple and effective. 

The kit contains adhesive sticks (17), cotton swabs 
(19), a wire brush (21) and the primer (20). The 
adhesive stick is reusable, has an indefinite shelf life, 
and is waste-free. Store the sticks in a sealed container 
to keep them dry (figure 11). ; 


SERVICE PROCEDURES 


The aluminum-plastic radiator can be repaired. The 
following components can be replaced: 

@ Core. 

@ Tanks and gaskets. 

@ Oil coolers and gaskets. 

@ Drain cock and gasket. 


The tanks cannot be repaired if broken or cracked. 
The radiator core can be replaced and the new core 
used with the original tanks and oil cooler. 


PRECAUTIONS 
As with all cooling system service, take measures to 
prevent personal injury and damage to the system. 
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. Core 

. Inlet Tank Gasket 

. Outlet Tank Gasket 

. Joint Between Tube And Heater 
. Oil Cooler Gaskets 

. Drain Cock Seal 


Figure 10 — Possible Leak Areas 


17. Adhesive Sticks 
18. Kit Container 
19. Cotton Swabs 
20. Primer 

21. Wire Brush 


F-10261 
Figure 11 — Hot Melt Adhesive Repair Kit 


CAUTION: To help avold being burned, do not 
remove the radiator cap while the engine and 
radiator are hot. Scalding fluid and steam can be 
blown out under pressure If the cap Is taken off 
too soon. 


NOTICE: DO NOT USE "BOIL OUT TANKS OR 
VATS. Common service methods may destroy 
an aluminum radiator. Do not use caustic or lye 
cleaning solutions for aluminum radiators. USE 
CLEAN WATER WHEN SERVICING ALUMINUM 
RADIATORS. 


@ Do not open hood if you can see or hear steam or 
coolant escaping from engine compartment. 

@ Do not remove radiator cap if radiator feels warm. 

e@ Do not remove radiator cap or coolant recovery 
cap if coolant in recovery tank looks like it is 
boiling. 
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@ Wear eye protection. 

e Wear gloves to protect your hands against 
excessive heat or effects of chemicals on your 
skin. 

@ Prevent dirt and water from entering transmission. 
oil cooler. 

@ Do not use boil-out vats or other tanks to clean 
aluminum radiators that have been used for 
copper and brass radiators. The flux, acid, and 
caustic cleaners in these tanks will attack 
aluminum and cause radiator failure. Use a 
separate test tank containing clean water for 
servicing aluminum/plastic radiators. 


NOTICE: Never use shop air to pressure test 
radiators that is not regulated at 138 kPa (20 
psi). Pressures over 138 kPa (20 psi) will 
damage the radiator. 


SPECIAL PREPARATION 

For damaged areas between the cooling fins, it may 
be necessary to remove some of the fins. Do not 
remove more fins than necessary. Usually 6 mm (1/4- 
inch) beyond the leak or damaged area is enough to 
make an effective repair (figure 12). 


Ul HAN TA (TT 
seit se — ee ui 


ll as as SRR 
SST EEE AONE Wn 
. 6mm (1/4-inch) Beyond AEH : 


The Damaged Area le F-00946 


Figure 12 — Fins Removed From A 
Damaged Area 
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TUBE BLOCKING HEADER REPAIR 
If a tube is severely damaged, it can be blocked off If the header or a tube near the header requires a 
(figure 13). repair, the side tank does not have to be removed. A 
wet cloth can be placed against the side tank where the 
NOTICE: Do not block off more than two tubes repair has to be made (figure 14). The side tank can 
in a radiator. Blocking off more than two tubes also be submerged in a tank of water up to the heater 
will reduce the cooling capacity of the system. (figure 15). 


Cut tube off 6 mm (1/4-inch) from the header and 
pinch shut before it is cleaned and sealed. Refer to 
"General Core Repair as explained in this section. 
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. Submerge The Tank - Keep The Header 
Above The Water Line F-00949 


, 


A. Cut Tube 


Figure 13 — Tube Blocking 


Figure 16 — Cleaning Area With A Steel Brush 


A. Apply A Wet Cloth 
Figure 14 —Using A Wet Cloth On A Side Tank 
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NOTICE: One of these procedures have to be 
used when repairs are made on or near the 
header to prevent damage to the tank or gasket. 


GENERAL CORE REPAIR 

Preparation of the repair area surface cannot be 
overemphasized. If the leak area surface is not clean, 
the repair materials will not stick to the surface. 

1. Position core so repair is accessible. 

2. Apply a wet cloth if you are working near plastic 
tanks or joints between core tubes and header 
(figure 16) or submerge tank in water (figure 15). 

3. Heat repair area slightly with a small torch or heat 
gun to be sure it is dry. Do not use a blow torch. Figure 18 — Heating Repair Area 

4. Brush area to be repaired with small steel brush 
that is supplied in the kit and blow dust away from 


repair area (figure 16). 8. Withdraw torch and rub adhesive stick on repair 
5. Open tube of primer, using spurred cap or a pin, area (figure 19). Adhesive will flow at a 
and apply primer to repair area only. Use of temperature of approximately 260°C (500°F). If 
primer produces a stronger repair. Do not heat stick does not start to melt, remove it and reapply 
primer. heat. Do not heat stick with a flame. High heat 


will burn and char adhesive. 

CAUTION: The primer contains trichlorethane. 

@ It could be harmful or fatal if swallowed. If 
swallowed, get medical attention. 

e Use with adequate ventilation. : ee ok ree 

@ In case of eye contact, flush with water and get ~ NB AEE 
medical attention. Be ECE 

®@ In case of body contact, wash with soap and 
water. 

@ Do not mix the primer with water. 


Lie Fe g 


6. Scrub repair area with a cotton swab until a fresh 
swab stays clean. Clear, yellow-brown coating 
does not have to be removed (figure 17). 


Figure 19 — Applying Hot Melt Adhesive 
to Repair Area 


Epon 


Peeetaat Ceri 9. Continue heating until adhesive flows and wets 
ares entire repair area and fills joint. If a hole is in 
SP abe ee ta center of a tube, heat tube and let hot surface 
melt and pull in adhesive. Force of flame or heat 
gun will also tend to guide adhesive toward hole. 
; , For leaks between a tube and header, flow 
Yeon OR UI PARES adhesive around tube and header joint with tank 
ykiger a, installed. 
10. Heat repair area until adhesive is bubble-free and 
smooth, with a light yellow color. Curing is not 


Figure 17 — Scrubbing Area With A Cotton Swab required. 
11. Test radiator for leaks when cool. If repair area still 
7. Heat repair area with a heat gun or by moving leaks, reheat it gently to dry it. Heat and reflow 
torch in a circular pattern (figure 18). Use a soft, adhesive or apply more as necessary to repair 


small blue flame (like a gas stove flame). leak. 
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TANK GASKET LEAK REPAIR 6. Examine header gasket and surface and tank 
Tank gasket leaks can be mistaken for tank or flange for evidence of leakage, and clean or repair 
header leaks. If a plastic tank leaks from the header surface to remove dirt, burrs, and bumps. 
joint gasket, tighten the clinch tabs with locking-type 7. Remove oil cooler, if equipped, and install it in new 
pliers (figure 20). If this method doesn't seal the leak, tank, if used. 
remove the tank for further inspection. 8. Dip or coat new tank gasket in engine coolant and 
1. Pry open the clinch tabs, except those under the position it on header surface. Coolant helps hold 
inlet, outlet, and filler necks, using J 33419-1 ora gasket in place. 
screwdriver (figure 21). Lift tabs only enough to 9. Position tank and gasket to header, clamp it in 
allow removal. : place and secure it by bending four clinch tabs as 


, shown in figure 22. 
NOTICE: Do not overbend tabs. Overbending 
could result in breakage. If there are more than 
three tabs broken on one side of the header, or 
more than two adjacent tabs broken, replace the 
core. 


A. Bend Four Clinch Tabs 


ML 


eee 


Figure 22 - Seating Tank to Radiator 


10. Clamp remaining clinch tabs around header using 
clinching tool or pliers following clinching 
sequence in figure 23. 


NOTICE: Tighten the clinch tabs starting at 
center and working out to ends. 


11. Replace core if there are more than three tabs 
broken on one side or two adjacent tabs broken. 
12. Install drain cock, if removed. 


Figure 21 — Opening Clinch Tabs 


2. Lift tank and slide it out from under remaining 
clinched tab. You may have to tap tank with your 
hand to dislodge gasket. Lift remaining tab(s) with 


pliers. 
3. Remove gasket. Figure 23 — Clinching Sequence 
4. Clean header and gasket groove of all dirt and old 

rubber. 


5. Clean sealing edge of plastic tank. 
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SPECIFICATIONS 


GENERAL SPECIFICATIONS 


Radiator Part Number ..........ccescccccccceccceces 3094325 52458411 


(Copper/Brass) _ (Aluminum) 


Raciator Con Part NUMDEr vcccsccsesccscvucveuveavens 6410785 (RC-36) 
Reciater Can PrOSSUle «oss cased se Ved avewee see avnnwes 103 kPa (15 psi) 
TORQUE SPECIFICATIONS 


3 


1. Overflow Tube Pressure Test Adapter 
2. Cooling System Tester 
3. Radiator Core Remover/installer 
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BLANK 
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SECTION 6D 
ENGINE ELECTRICAL 
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Engine electrical system diagnosis includes the battery, charging system (generator and related wiring), cranking 
system, and ignition system (distributor, spark plugs and wiring). 
Each vehicle is equipped with an electronic Computer Command Control system. There is a "Check Engine" lamp 
on the instrument panel. For a detailed description of the lamp’s operation and use as a diagnostic indicator, refer 
_ to the FUEL AND EMISSIONS CONTROL (SEC. 6E). 


SECTION 6D1 
BATTERY 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 
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6D1 - 2 BATTERY 


DESCRIPTION 


BATTERY 


The battery has three major functions in the electrical 
system: first, it provides a source of energy for cranking 
engine; second, it acts as a voltage stabilizer for the 
electrical system; and third, it can, for a limited time, 
provide energy when the electrical load used exceeds 
the output of the generator. 

The sealed battery as shown in figure 1 is standard. 
Refer to "Specifications" at the end of this section for 
specific battery application. 

Water never needs to be added to this battery. 
There are no filler caps in the cover. The battery is 
sealed, except for small vent holes in the cover. The 
vents allow what small amount of gasses that are 
produced in the battery to escape. The special 
chemical composition inside the battery reduces 
gassing to a very small amount at normal charging 
voltages. Besides reducing gassing, the special 
chemistry greatly reduces the possibility of overcharge 
damage. 

Keep the battery in an upright position to prevent 
electrolyte leakage. Tipping the battery beyond a 45 
degree angle in any direction can allow a small amount 
of electrolyte to leak out the vent hole. 

Do not exceed this 45 degree angle when carrying or 
installing the battery. 

Evidence of electrolyte leakage does not always 
mean the battery is faulty. 


1. Built In 
Hydrometer 


; F-02521 
Figure 1 — Sealed Battery with Side Terminals 


RATINGS 

Batteries are rated according to their reserve capacity 
in minutes and their cold cranking power in amperes. 
Both methods involve measuring the battery terminal 
voltage after a specified time period and discharge 
current. 

The "reserve capacity" is defined as the maximum 
length of time it is possible to travel at night with 
minimum electrical load and no generator output. 
Expressed in minutes, it is the time required for a fully 
charged 12-volt battery, at a temperature of 27°C (80°F), 
being discharged at a constant current of 25 amperes, 
to reach a terminal voltage of 10.5 volts. 

The "cold cranking ampere" (CCA) test measures the 
amperage delivered by the battery at -18°C (0°F) for 30 
seconds. 

Refer to "Specifications" at the end of this section for 
the battery rating. 


BUILT-IN HYDROMETER 

The sealed battery has a special temperature 
compensated hydrometer built into the cover to show at 
a glance the battery’s state-of-charge. The hydrometer 
has a green ball within a cage which is attached to a 
clear plastic rod. The green ball will float at a 
predetermined specific gravity of the electrolyte. When 
the green ball floats, it rises within the cage and 
positions itself under the rod. Visually a green dot then 
shows in the center of the hydrometer (figure 2). The 
built-in hydrometer provides a guide for battery testing 
and charging. 


A 
2. Green Dot 
3. Dark 
4. Clear 
A. 65% or Above State of Charge 
B. Below 65% State of Charge 
C. Low Level Electrolyte 


Figure 2 — Built-In Hydrometer 
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When looking at the hydrometer, make sure that the 
battery has a clean top. A lamp may be needed in 
some poorly-lit areas. ; 

1. GREEN DOT VISIBLE: The state-of-charge is 65 
percent or more of the full charge. 

2. DARK; GREEN DOT NOT VISIBLE: The state-of- 

’ charge is below 65 percent. Charge the battery 


until the green dot appears. (Shake the battery slightly 
to make the green dot appear after charging.) 

3. CLEAR OR LIGHT YELLOW: The fluid level has 
dropped below the bottom of the hydrometer. 
This can be caused by a broken case, tipping of 
the battery, normal wear out, or overcharging 
because of a problem in the electrical system. 
Check the system and replace the battery. 


DIAGNOSIS OF BATTERY 


GENERAL INFORMATION 


COMMON CAUSES OF MALFUNCTION 

If testing shows the battery to be in good condition 
but the battery doesn’t perform satisfactorily, check for 
the following: . 

1. Vehicle accessories left on overnight. 

2. Extended slow-speed_ driving with many 
accessories turned on. 

3. Vehicle electrical load is more than generator 
output, particularly with addition of aftermarket 
equipment. 

4. Problems in charging system such as shorts, 
slipping fan belt, or worn generator or regulator 
parts. 

5. Loose or poor battery cable-to-post connections, 
previously improper charging of a rundown 
battery, or loose hold-downs. 

6. High resistance connections in cranking system. 

7. Electronic devices draining battery when vehicle is 
parked for a long period of time. Disconnect 
negative cable if vehicle will be stored for more 
than 30 days. 


Electrolyte Freezing 

The freezing point of electrolyte depends on its 
specific gravity. Since freezing may ruin a battery, 
protect it against freezing by keeping it in a charged 
condition. 


Carrier and Retainer 

The carrier and battery retainer should be clean and 
free from corrosion before battery installation. 

The carrier should be in a sound mechanical 
condition so that it will support the battery securely and 
keep it level. Make certain there are no foreign objects 
in the carrier before installation. 

To prevent the battery from shaking in its carrier, 
tighten the retainer bolt. However, do not tighten the 
bolt to where the battery case is placed under a severe 
Strain. 


VISUAL INSPECTION 


Check for obvious damage such as a cracked or 
broken case or cover that could permit loss of 
electrolyte. If damaged, replace the battery. Determine 
the cause of the damage and correct. 


HYDROMETER TEST 


GREEN DOT VISIBLE: If the hydrometer has a 


GREEN DOT visible, the battery is ready for testing. 
Proceed to "Load Test." 

DARK; GREEN DOT NOT VISIBLE: Charge the 
battery as explained under 
Procedure" later in this section. 

LIGHT OR BRIGHT INDICATOR: Do not charge, test, 
or jump start the battery. Replace the battery. 


"Battery Charging 


5. Insulator strap prevents tool Separation and 
loss when not in use. 


6. Adapter charging tool attached to terminals. 


as F-02520 
Figure 3 — Testing and Charging Terminal Adapter 
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LOAD TEST 


If the battery is in the vehicle, make sure the ignition 
switch is off. 


1. Disconnect battery cables from terminals. 

2. Install adapter AC-Delco ST 1201 or equivalent 
(figure 3). 

3. If adapters are not available, use a 3/8-inch 16 
UNC bolt and stainless steel nut (figure 4). Finger 
tighten. Contact must be made through lead pads 
at face of terminals, not through threads of the 


bolt. 
4. Install a voltmeter and battery load tester to 
adapters. 


5. Remove surface charge from recently charged 
batteries by applying a 300-ampere load across 
adapters for 15 seconds. 

6. Do not remove surface charge from batteries 
which have been in storage. 

7. Turn load off and wait 15 seconds for battery to 
recover. 

8. Apply specified load selected from chart in 
"Specifications." Observe battery voltage after 15 
seconds with load connected, then turn off load. 

9. If battery voltage does not drop below minimum 
voltage as shown in "Voltage and Temperature 
Chart" following, battery is good and should be 
returned to service. (Battery temperature must be 
estimated by feel and by temperature battery has 
been exposed to for preceding few hours.) If 
battery voltage drops below minimum voltage 
listed, replace battery. 


Voltage and Temperature Chart 


TEMPERATURE MINIMUM VOLTAGE 
Se HU RAGE ance codes Ghana cannes 9.6 
POE cis etieoawake Geka cuneneud ka 9.4 
DES IN oko cre sin owe Gee eee cael 9.1 
SPE HEP) scuswseus esos ndeh oi abusesexs 8.8 
AG GONG asics aed cua hda ee Kuh eteuesks 8,5 


. Case 
. JIs-inch 16 UNC Nut 
. ¥e-inch 16 UNC Bolt 
. Electrical Contact 
B-09715 
Figure 4 —Testing and Charging Using Bolt and Nut \ 


ON-VEHICLE SERVICE 


BATTERY CHARGING 
PROCEDURES 


The following basic rules apply to any sealed battery 
charging situation: 

1. Do not charge a battery if hydrometer is clear or 
light yellow - replace battery. 

2. Charge rates between 3 and 50 amperes are 
satisfactory as long as spewing of electrolyte does 
not occur or battery does not feel over 52°C 
(125°F). If spewing occurs or temperature exceeds 
52°C (125°F), charging rate must be reduced or 
temporarily halted to permit cooling. 

Estimate battery temperature by touching or 
feeling battery case. 

3. Some chargers feature polarity protection circuitry 


which prevents charging unless charger leads are 
connected to battery terminals correctly. A 
completely discharged battery may not have 
enough voltage to activate this circuitry, even 
though leads are connected properly, making it 
appear that battery will not accept charging 
current. Therefore, follow specific charger 
manufacturer's instruction telling how to bypass or 
override circuitry so that charger will turn on and 
charge a low-voltage battery. 

4. Battery is sufficiently charged when green dot in 
built-in hydrometer is visible. No further charging 
is required, Shake or tilt battery at hourly intervals 
during charging to mix electrolyte and see if green 
dot appears. 


5. Battery charging consists of a charge current in 


amperes for a period of time in hours, Thus a 25- 
ampere charging rate for two hours would be 50 
ampere-hour charge to battery. In most cases, 
batteries whose load test values are less than 200 
amperes will have green dot visible after at least a 
50 ampere-hour charge. Most batteries whose 
load test values are greater than 200 amperes will 
have green dot visible after at least a 75 ampere- 
hour charge. In the event that green dot does not 
appear after this amount of charging, continue 
charging for another 50 or 75 ampere-hours. If 
green dot still does not appear, replace battery. 


6. Time required for a charge will vary according to: 


a. Size of battery — Example: A discharged large 
heavy-duty battery requires more than twice 
the recharging as a discharged small 
passenger Car battery. 

b. Temperature — Example: A longer time will be 
needed to charge any battery at 18°C (10°F) 
than at 27°C (80°F). When a fast charger is 
connected to a cold battery, current accepted 
by battery will be very low at first; then, as 
battery warms, it will accept a higher rate. 

c. State-of-charge — Example: A discharged 
battery requires more than twice as much 
charge as a one-half charged battery. 
Because electrolyte is nearly pure water and 
therefore a poor conductor, current accepted 
is low at first. Later, as charging current 
causes electrolyte acid content to increase, 
charging current will likewise increase. 

d. Charger Capacity — Example: A charger which 
can supply only five amperes will require a 
much longer period of charging than a 
charger that can supply 30 amperes or more. 
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NOTICE: Do not push or tow the vehicle to start 
it. Under some conditions this may damage the 
catalytic converter or other parts of the vehicle. 
Also, since this vehicle has a 12-volt battery, be 
sure the vehicle or equipment used to jump start 
the engine is also 12-volt. Use of any other type 
system may damage the vehicle’s electrical 
components. 


JUMP STARTING INSTRUCTIONS 


CAUTION: Batteries produce explosive gases, 
contain corrosive acid, and supply levels of electrical 
current high enough to cause burns. Therefore, to 
reduce the risk of personal Injury when working near 
a battery: 
e Always shield your eyes and avoid leaning over 
battery whenever possible. 
@ Do not expose battery to open flames or sparks. 
e@ Do not allow battery acid to contact eyes or 
skin. Flush any contacted areas with water 
immediately and thoroughly, and get medical 
help. 
@ Follow each step in jump starting Instructions. 


1. Position vehicle with good (charged) battery so 
that booster (jumper) cables will reach, but never 
let vehicles touch. Also, be sure booster cables 
do not have loose or missing insulation. 

2. In both vehicles: 

@ Turn off ignition and all lamps and accessories 
except hazard flasher or any lamps needed for 
work area. 

e Apply parking brake firmly, and shift automatic 
transmission to Park. 


Make Connections in Numerical Order 
(1) First Jumper Cable 


EMERGENCY STARTING Do NOT Allow 
DUE TO A Vehicles to Touch! Discharged 
attery 
DISCHARGED BATTERY Ou SE Ee 
; l Make Last 
If the vehicle will not start due to a discharged Connection on the 
battery, it can be started by using energy from another Engine or Frame, 


battery — a procedure called ‘jump starting." — ii the 
attery 


Battery in Vehicle 
with Charged Battery 


F-05732 
Figure 5 — Jump Starting Connection 
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3. Making sure the cable clamps do not touch any 
other metal parts, clamp one end of first booster 
cable to positive (+) terminal on one battery, and 
other end to positive terminal on other battery 
(figure 5). Never connect (+) to (-). 

4. Clamp one end of second cable to negative (-) 
terminal of good (charged) battery and make the 
final connection to a heavy metal bracket such as 
mounting bracket of generator on engine about 
450mm (18-inches) from discharged battery. Make 
sure cables are not on or near pulleys, fans, or 
other parts that will move when engine is started. 

5. Start engine of vehicle with good (charged) battery 
and run engine at a moderate speed for several 
minutes. Then, start engine of vehicle that has 
discharged battery. 

6. Remove booster cables by reversing above 
installation Sequence exactly. While removing 
each clamp, take care it does not touch any other 
metal while other end remains attached. 


PARASITIC DRAIN TEST 


If a battery needs recharging and no cause is 
evident, check the vehicle for excessive current drain. 
Before starting this procedure, make sure the ignition 
switch is in the "Lock" position and that all electrical 
accessories are turned off and the doors closed. 


Tools Required: 
J 34029-A Digital Multimeter 
ST-1201 Battery Side Terminal Adapter 


cb 
. 


Remove the negative battery cable. 

2.- Install the battery side terminal adapter (ST-1201 
or equivalent) to the negative battery terminal and 
tighten to 17 Nm (13 ft. Ibs.). Or use a nut and 
bolt as described earlier in this section. 

3. Install a 3/8-inch 16 UNC nut on the negative 
battery cable terminal attaching screw. 

4. Install a 3mm (12 gage) jumper wire with an 

alligator clip on each and between the end of the 

negative battery cable and the side terminal 

adapter (figure 6). 
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41. Positive Battery Cable Connected 


12. Battery 
15. End of Negative Battery Cable 


16. Jumper Wire 


Figure 6 — Jumper Wire Position 


CAUTION: Do not rotate the Ignition switch to the 
"Start" position. Doing so will cause the Jumper wire 
to become extremely hot and may result In personal 
Injury and vehicle fire. 


5. Turn the ignition switch to the "RUN" position. This 
is done to reset the solid state ECM which shuts 
off when the battery is disconnected. The ECM 
may be causing a high current drain, which might 
not show up if an ammeter is used before 
reactivating the ECM. 

6. Turn the ignition switch to the "Lock" position and 
remove the key from the switch. 


Important 


@ Make sure that circuit continuity between the 
negative battery cable and the side terminal 
battery adapter is not interrupted during the next 
step. 

7. Install digital multimeter J 34029-A (or equivalent). 
Set the ammeter on the highest scale, capable of 
measuring at least 20 amperes, between the 
negative battery cable and the side terminal 
adapter. If necessary, use jumper wires between 
the multimeter, the battery, and the negative 
battery cable. 


Important 


@ This places the multimeter in parallel to the 3mm 
(12 gage) jumper wire. 

8. Remove the 3mm (12 gage) jumper wire. The 

multimeter will now be wired as shown in figure 7. 


Adjust 


@ The ammeter scale to DC and the lowest scale 
possible without going out of range and note 
the reading in milliamps. 

e@ Take the reading with the ignition and all 
accessories Off. 

9. Find the reserve capacity of the battery in 
"Specifications" at the end of this section. Divide 
this number by 4. Compare this to the multimeter 
reading. The current drain reading should not 
exceed this number. (Example: If a battery has a 
reserve capacity of 100 minutes, the current drain 
should not exceed 25 milliamps). 

10. If current draw is too high, check the system for 
causes such as a shorted wire or a compartment 
lamp that does not shut off when it should. 
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CAUTION: To prevent possible personal injury from 
a moving vehicle or operating engine do the following 
before performing the checks: 

1. Engage parking brakes and block wheels. 

2. Place transmission in park. 

3. Disconnect battery feed at distributor. 


1. Check voltage drop between ground (negative 
. battery terminal) and vehicle frame. Place one 
prod of test voltmeter on grounded battery post 
(not on the cable clamp) and other on frame. 
Operate starter and note voltage reading. 

2. Check voltage drop between positive battery 
terminal and starter terminal stud with starter 
operating. 

3. Check voltage drop between starter housing and 
frame with starter operating. 


16 4. If voltage drop in any of above is more than 1.0 

volt, there is excessive resistance in circuit. To 

. Positive Battery Cable Connected eliminate resistance, cables should be 

. Battery disconnected and connections cleaned. If cables 

. Multimeter J 34029-A or Equivalent are frayed or clamps corroded, cables should be 

Set on DC, MA and 2000 Scale replaced. When selecting new cables, be sure 

. Meter Test Leads they are at least as large as ones being replaced. 
. End of Negative Battery Cable Battery cable routing is shown in figure 8. 


. Jumper Wires 


F-10184 
Figure 7 — Parasitic Drain Test Circuit 


BATTERY CABLES 


Excessive resistance caused by poor terminal 
connections and partial short circuits through faulty 
cable insulation will result in abnormal voltage drop in 
Starter cable. Low voltage at starter will prevent normal 
Starter operation and cause hard starting. 


. Generator 

. Radiator Support 
. Starter Motor 

. Engine Harness 

. Negative Terminal 


F-10185 


Figure 8 — Battery Cable Routing 
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BATTERY REPLACEMENT [A] Tighten 
@ Retainer to 17 N' m (13 ft. Ibs.). 
When handling a battery, observe the following safety ( ay 
precautions. 1. Positive cable to positive terminal and tighten. 
1. Hydrogen gas is produced by battery. Aflameor 5 Negative cable to negative terminal (21) and 
spark near battery may cause the gas to ignite. 


tighten. 
2. Battery fluid is highly acidic. Avoid spilling on a 


clothing or skin. Any spilled electrolyte should be 
flushed with large quantities of water and cleaned 
immediately. 


Remove or Disconnect (Figures 8 and 9) 


1. Negative cable from negative battery terminal (21). 
2. Positive cable from positive battery terminal. 
3. Battery retainer (22). 

Battery. 


4. 
Inspect 
T. 


Battery for damage. 
2. Cables and connectors. 
3. Carrier for damage or foreign objects. 
@ If damage is noted, find and correct cause. 


22, Retainer 


F-10186 
Install or Connect Figure 9 — Battery Tray and Retainer 


1. Battery into cleaned carrier. 
2. Retainer (22). 
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SPECIFICATIONS 
TORQUE SPECIFICATIONS 
N'm Ft. Lbs. 
Cee FUR Siw diab Sousa hoc dee eenerateede : | a 13 
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BATTERY SPECIFICATIONS 


Part No. | Application | Description Cold Cranking Reserve Load Test 
Amperes Rating Capacity (Amperes) 
@-18°C (0°F) (Minutes at 
25 Amps) 


1981734 Delco 734 


ST-1201 . F J 34029-A 


1. Battery Terminal Adapters (Part Number 12303040, Can Be Ordered Through AC Delco Dealers) 


2. Multimeter F-10187 
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BLANK 
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SECTION 6D2 
CRANKING SYSTEM 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 
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DESCRIPTION 


CRANKING CIRCUIT exposure to dirt, icing conditions and splash. The field 
coils are permanently mounted in the frame. 


In the basic circuit (figure 1), the solenoid windings 
are energized when the switch is closed (in the "Start" 
position). The resulting plunger and shift lever 
movement causes the pinion to mesh with the engine 
flywheel ring gear and the solenoid main contact to 
close, and engine cranking takes place. When the 
engine starts, pinion overrun protects the armature from 
excessive speed until the switch is opened, at which 
time the return spring causes the pinion to disengage. 


The basic cranking circuit consists of the battery, 
starter motor, ignition switch, and related electrical 
wiring (figure 1). 


STARTER MOTOR (Figure 2) 

The SD-200 starter used on these vehicles has the 
shift lever mechanism and the solenoid plunger 
enclosed in the drive housing to protect them from 
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. Bulkhead Connector . Flywheel 

. To Distributor "BAT* Terminal . Pinion 
“BAT™ Terminal . Shift Lever 
Engine Control Switch . Plunger 
Battery sae . Hold in Coil 
Starter Motor . Pull in Coil 
Shift Collar . Solenoid 


. Pinion Compression Spring . Solenoid Switch Contacts 
Clutch 
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Figure 1 — Cranking Circuit 


CRANKING SYSTEM 6D2 - 3 


DIAGNOSIS 


Refer to figures 3, 4 and 5 for a diagnosis of the 
cranking system. Before removing any unit in the 
system for repair, make the following checks. 


CRANKING CIRCUIT 


BATTERY 
Determine the condition of the battery. Refer to 
BATTERY (SEC. 6D1) for battery diagnosis and testing. 


WIRING 

Inspect the circuit wiring for damage. Inspect all 
connections to the starter motor, solenoid, engine 
control switch, and battery, including all ground 
connections. Clean and tighten all connections as 
required. 


. Bushing 


. Shift Lever . Pinion Stop Collar 
. Plunger . Field Coil 

. Solenoid . Armature 

. Return Spring . Brush 


F-10189 
Figure 2 — SD 200 Starter Assembly 
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NO CRANKING, NO SOUND FROM SOLENOID 
TURN HEADLAMPS AND DOME 
LAMP ON. TURN KEY TO START 


CHECK BATTERY STATE-OF-CHARGE 
EYE DARK GREEN EYE SHOWING 


CHARGE BATTERY, CHECK FOR CHECK CRANKING VOLTAGE 
DRAIN, AND CHECK GENERATOR. AT BATTERY POSTS. 


LESS THAN 9.6 VOLTS 9.6 VOLTS OR MORE 


CHECK VOLTAGE FROM ENGINE BLOCK TO BATTERY 
TEST BATTERY; IF OK, 
REPAIR STARTER. NEGATIVE POST, KEY IN START POSITION, VOLTMETER 
POSITIVE LEAD ON BLOCK. 


0.5 VOLT OR MORE LESS THAN 0.5 VOLT 
CLEAN AND TIGHTEN GROUND CABLE CONNECTION CHECK CRANKING VOLTAGE 
AND/OR REPLACE CABLE. AT STARTER ‘'B’’ TERMINAL. 
LESS THAN 9.0 VOLTS 9.0 VOLTS OR MORE 


CLEAN AND TIGHTEN POSITIVE BATTERY CABLE 
TERMINALS AND/OR REPLACE CABLE. REPAIR STARTER 


Figure 3 — Cranking System Diagnosis 
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NO CRANKING, NO SOUND FROM SOLENOID 


TURN HEADLAMPS AND DOME LAMP ON. TURN KEY TO START. 


LAMPS STAY BRIGHT. 
TURN ON FAN, HEATER, AND TURN SIGNALS. 


OPERATE OK. , WON'T OPERATE. 


CHECK CONNECTIONS AND 


VOLTAGE AT "S" TERMINAL CHECK BULKHEAD 


CONNECTOR, FUSEABLE LINK 


OR STARTER SOLENOID. 


9.6 VOLTS LESS THAN 
OR MORE. 9.6 VOLTS. 
REPAIR 

WITH KEY IN START, 
STARTER. CHECK VOLTAGE AT 


IGNITION SWITCH 
SOLENOID TERMINAL. - 


9.6 VOLTS LESS THAN |. 
OR MORE. 9.6 VOLTS. 


REPLACE 
IGNITION SWITCH. 


AND IGNITION 
SWITCH CONNECTIONS. 


REPAIR PURPLE 
WIRE FROM 
SWITCH TO 
STARTER. 


F-10190 
Figure 4 — Cranking System Diagnosis 
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Ra NL EE ELIE ELE TLE 


SLOW CRANKING, SOLENOID CLICKS OR CHATTERS 


CHECK: BATTERY FOR GREEN INDICATOR 


VISUAL CONDITION OF BATTERY CABLES AND CONNECTIONS 


OIL VISCOSITY IN COLD WEATHER. 


IF BATTERY NEEDS CHARGING. MAKE GENERATOR AND BATTERY DRAIN CHECK, CHARGE BATTERY AND RECHECK CRANKING. 


IF TROUBLE HAS NOT BEEN FOUND. PROCEED 


REMOVE BATTERY LEAD FROM DISTRIBUTOR. MAKE ALL VOLTMETER READINGS WITH 
KEY IN START POSITION. 
MEASURE CRANKING VOLTAGE AT BATTERY TERMINAL POSTS. 


96 VOLTS OR MORE | © 


MEASURE VOLTAGE FROM BATTERY NEGATIVE TERMINAL 
TO ENGINE BLOCK, POSITIVE VOLTMETER LEAD ON BLOCK. 


0.5 VOLT OR MORE 


REPAIR GROUND 
CABLE AND 
CONNECTIONS 


CLEAN AND TIGHTEN 
CONNECTIONS AT STARTER. 
MEASURE VOLTAGE AT STUD 
OF TERMINAL *'B’’ OF STARTER 
SOLENOID. 


9 VOLTS OR MORE 
REPAIR STARTER 


CLEAN AND TIGHTEN POSITIVE 
CABLE CONNECTIONS. IF OK, 
REPLACE CABLE. 


LESS THAN 0.5 VOLT 


LESS THAN 9 VOLTS 


LESS THAN 9.6 VOLTS 
CHARGE AND LOAD TEST BATTERY. 


Ton] 


REPLACE BATTERY 


REPAIR STARTER 


THIS PROCEDURE IS DESIGNED FOR USE ON ENGINE AND 
BATTERIES AT ROOM OR NORMAL OPERATING TEMPERATURES. 
IT ALSO ASSUMES THERE ARE NO ENGINE PROBLEMS WHICH 
WOULD CAUSE CRANKING PROBLEMS. TO USE IT UNDER 
OTHER CONDITIONS MIGHT RESULT IN MISDIAGNOSIS. 
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Figure 5 — Cranking System Diagnosis 


ON-VEHICLE SERVICE 


MAINTENANCE 


Keep starter terminals and all other terminals in the 
electrical system clean and tight. A loose or corroded 
connection or terminal will cause excessive resistance 
in the system which will result in hard starting. 

At regular intervals, inspect the starting system to 
locate and correct potential causes of trouble before the 
system performance is affected. 

Starting motors do not require lubrication except 
during overhaul. 


STARTER MOTOR 


If the battery, wiring and switches are in satisfactory 
condition, and the engine is functioning properly, but 
cranking problems persist, remove the motor and refer 
to "Unit Repair in this section. 

Never operate the starter motor more than 30 
seconds at a time without pausing to allow it to cool for 
at least two minutes. Overheating, caused by excessive 
cranking, will damage the motor. 
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STARTER MOTOR REPLACEMENT 


Remove or Disconnect (Figure 6) 


e Raise vehicle. 

Negative battery cable. 

Solenoid wiring. 

Brush end mounting bracket bolt (24). 

Two bolts (27) holding starter (26) to engine. 
Starter (26). 

Brush end mounting bracket (25), if necessary. 


QOaron> 


install or Connect 


1. Starter (26) to engine. 
2. Bolts (27). 


Ql Tighten 


@ Mounting bolts to 43 Nm (31 ft. Ibs.). 


3. Brush end mounting bracket, if removed. Do not 
tighten nuts. 
4. Bolt (24). 


[A] Tighten 


e Mounting bracket bolt to 25 N'm (18 ft. Ibs.). 
@ Mounting bracket nuts to 8 Nm (75 in. lbs.). 


5. Wires to solenoid terminals. 
6. Negative battery cable. 
@ Lower vehicle. 


. Bolt 

. Bracket 
. Starter 
. Bolts 


F-10191 
Figure 6 — Starter Motor Mounting 


UNIT REPAIR 


DESCRIPTION 


The Delco-Remy SD-200 is an overrunning-clutch 
type starter motor with an enclosed shift lever (figure 2). 

The starter motor has the drive end housing 
extended to enclose the shift lever and solenoid 
plunger. The solenoid flange is mounted on the drive 
end housing with sealing compound between the flange 
and the field frame. 

The starter motor bearings are lubricated during 
motor assembly and do not require service except 
during motor repair. 

The part number can be found stamped on the end 
frame. ; 


DIAGNOSIS OF 
THE STARTER MOTOR 


STARTER MOTOR TESTS 
Before disassembling the starter motor for repair, the 
following tests should be made. 


NOTICE: Never operate the starter motor more 
than 30 seconds at a time without pausing to 
allow it to cool for at least two minutes. 
Overheating, caused by too much cranking, will 
damage the starter motor. 


Inspect 
1. 


Pinion for freedom of operation by turning it on 
spline shaft. 

2. Armature for freedom of rotation by prying pinion 
with screwdriver. 
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e@ Tight bearings, bent armature shaft, or loose 
pole shoe screw will cause armature to not turn 
freely. 

e |f armature does not turn freely, motor should 
be disassembled. 

e If armature does rotate freely, motor should be 
given no-load test before disassembly. 


NO LOAD TEST (Figure 7) 

Connect a voltmeter (51) from the motor (*M’) 
terminal (46) to the frame and an RPM indicator (60) to 
measure armature speed. Connect the starter "BAT" 
terminal (3), with an ammeter (53) in series, to the 
positive side of a fully charged battery (5) of the 
specified voltage. Connect a wire with an open switch 
(54) from the "BAT" terminal to the "S" terminal (45). 
Close the switch (54) and campare the RPM, current 
draw, and voltage readings with the specifications at the 
end of this section. It is not necessary to obtain the 
exact voltage specified. A good reading can be made 
by understanding that if the voltage is slightly higher, 
the RPM will be slightly higher. The current should 
remain essentially unchanged. The exact voltage can 
be obtained if desired, by attaching a carbon pile (52) 
across the battery (5) to reduce the voltage to the 
specified value. Compare the test results as follows: 

1. Rated current draw and no-load speed indicates 
normal condition of starting motor. 
2. Low free speed and high current draw indicates: 

a. Too much friction — Tight, dirty, or worn 
bearings, bent armature shaft or loose pole 
shoes allowing armature to drag. 

b. Shorted armature — This can be further 
checked on a growler after disassembly. 

c. Grounded armature or fields — Check further 
after disassembly. 

3. Failure to operate with high current draw indicates: 

a. Direct ground — In terminal or fields. 

b. Seized bearings — This should have been 
noted by turning armature by hand. 

4. Failure to operate with no current draw indicates: 

a. Open field circuit — This can be checked 
after disassembly by inspecting internal 
connectors and tracing circuit with test lamp. 

b. Open armature coils — Inspect commutator 
for badly burned bars after disassembly. 

c. Broken brush springs, worn brushes — High 
insulation between the commutator bars or 
other causes which would prevent good 
contact between the brushes and commutator. 

5. Lowno-load speed and low current draw indicates 

a high internal resistance due to poor connections, 

faulty leads, dirty commutator and causes listed 

under step 4. a 

6. High free speed and high current draw indicates 
shorted fields. If shorted fields are suspected, 
replace field coil assembly and check for 
improved performance. 


. "BAT* Terminal . Carbon Pile 
. Battery . Ammeter 
. "S" Terminal . Switch 
. "M" Terminal . RAM Indicator 
. Voltmeter 
F-10192 
Figure 7 — No Load Test Hookup 
DISASSEMBLY 


If the starter does not perform to specifications, it 
may need to be disassembled for further testing of the 
components. Normally the starter assembly should be 
disassembled only so far as is necessary to make repair 
or replacement of parts. As a precaution, it is 
suggested that safety glasses be worn when 
disassembling or assembling the starter assembly. 


FIELD FRAME 
Disassemble (Figures 8, 9 and 10) 


@ Clean outside of the starter housing, removing 
grease, oil, mud, etc. 

@ Make scribe marks to show the relationship of 
nose housing, lever housing, field frame, and end 
frame to aid in assembly. 

1. Field coil strap from solenoid *M" terminal (figure 
9). 

Through bolts (37). 

End frame (36). 

Field frame (41) from drive housing (32) and 

armature assembly (35). 

5. Armature from drive housing by tilting armature to 
disengage shift lever fingers from drive assembly 
(34) (figure 10). 


Pen 
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34 33 33 32 31 


. Drive Assembly 
. Shift Lever . Spring . Armature 
. Plunger . Pin . End Frame 
. Solenoid -29. Shaft r . Through Bolts 
. Brush . Retainer Ring . Screw 
. Bolt a ae . Snap Ring . Brush Holder 
. Solenoid Bolts . Drive Housing .40. Grommet 
. Flat Washer . Collar . Field Frame 


Z F-10193 
Figure 8 — SD-200 Components 


. Solenoid 

. Drive Housing 

. End Frame 

. Through Bolts 

. Field Frame 

. Field Coil Connection 


32. Drive Housing 
35. Armature 

43. Drive Collar 

44. Shift Lever Finger 


F-10194 : F-10195 
Figure 9 — SD-200 Starter Assembly Figure 10 — Disengaging Drive Collar 
- from Shift Lever Fingers 
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LEVER HOUSING 
Disassemble (Figures 8, 11, 12 and 13) 


1. Drive assembly (84) from armature (35) shaft as 
follows: 

e Remove pinion stop washer or stop collar (33) 
from armature shaft. 

e@ Drive stop collar (83) away from pinion stop 
retainer ring (30) by sliding metal cylinder onto 
armature shaft and, with a hammer, striking 
metal cylinder against stop collar (figures 11 
and 12). 

e@ Remove pinion stop retainer ring from groove in 
armature shaft. If retainer ring is distorted 
during removal, it must be replaced. 

e Slide drive assembly and stop collar off 
armature shaft. 


2. Bolts (25) attaching solenoid (16) to drive housing 
(figure 8). 

3. Snap ring (31) and shaft (29) attaching shift lever 
(12) to drive housing (82). 

4. Shift lever (12) and attached solenoid plunger (13) 
from drive housing (32). 33. Stop Collar 

5. Roll pin (28) in order to separate shift lever from 44, Metal Cylinder 
solenoid plunger (13). 


Figure 12 — Driving Stop Collar Off 
BRUSHES Retaining Ring 


Disassemble (Figures 8 and 13) 


1. Brush holders (39) from brush supports (61). 
2. Screws (38) from brush holders (39). 
3. Brushes (23) from holders. 


SOLENOID 

First perform the electrical tests on the solenoid 
explained under "Inspection and Repair’ in this section. 
Then disassemble the solenoid to inspect the contact 
disc and terminals. 


. Route Wire As Shown 
. Brush 

. Brush Holder 

. Field Frame 

. Brush Support 


33. Stop Collar 
34. Drive Assembly 
30 35. Armature 


F-10198 
Figure 13 — Replacing Brushes 


3 F-10196 
’ Figure 11 — Retaining Ring on Armature 
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Remove or Disconnect (Figure 14) 


1 
2. 
3. 


1. 


1 
2. 


3. 


Nuts from "S" terminal (45) and "M° terminal (46). 
Screws attaching cover (48). 
Cover from solenoid body. 


Inspect 


Contact disc assembly (47) for wear. 
@ Replace if worn. 


INSPECTION AND REPAIR 


Clean 


All parts, except drive, with mineral spirits. Do not 
clean parts in degreasing tank or with grease 
dissolving solvents. 

— Dry by wiping with clean cloth. 


Inspect 


Armature bearing fit in end frame, lever housing, 

and nose housing. 

End frame bushing for damage or wear. Replace 

if damaged or worn. 

Armature shaft for runout or scoring. Replace 

armature assembly if condition of armature shaft is 

doubtful. 

Commutator for run out. 

— Do not turn commutator. 

— Do not undercut insulation. 

— Clean commutator with No. 240 grit emery 
cloth. If commutator cannot be cleaned, 
replace armature. 

Armature for short circuits (figure 15). 

e Rotate armature (35) in growler (50) with steel 
strip, such as hacksaw blade (49), held on 
armature (35) parallel to shaft. Steel strip will 
vibrate on area of short circuit. 

e Shorts between commutator bars are 
sometimes produced by brush dust or copper 
dust. 

Armature for opens. 

@ Look for loose connections where conductors 
join commutator bars. Poor connections cause 
arcing and burning of commutator. If bars are 
not badly burned, leads can be resoldered. 

Armature for grounds by using test lamp (figure 

16). 

@ If test lamp lights, when one test prod is placed 
on commutator and other test prod is placed on 
armature core of shaft, armature is grounded. 

Field frame and solenoid for oil and water. 

@ If oil or water is present, this indicates broken 
O-rings, leaking gaskets, or oil seal wear. 
Replace all seals and gaskets as required. 


. "S" Terminal 

. "M* Terminal s 
. Contact Disc Assembly 
. Cover 
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Figure 14 — Solenoid Disassembled 


35. Armature 
49. Saw Blade 
50. Growler 


Figure 15 — Testing Armature for Short 
Circuits 
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9. 


10. 


11. 


12 


13. 


14. 


15. 


16. 


Brushes for wear. If brushes are worn to half size 

of new brush, replace brushes. 

Brush holders for dirt or damage. 

e Make sure that brushes are not binding in 
holders. 

Brush springs for distortion or discoloring. _ If 

springs are weak, bent, or discolored, replace 

them. 

Field coils. 

@ Look for burned or damaged _ insulation, 
damaged connections or loose poles. Replace 
field coils if their condition is doubtful. 

Field coils for grounds. 

@ Disconnect field coil ground connections. 

e@ Connect a test lamp between field frame and 
field connector. 

— If test lamp lights, field coils are grounded and 
must be repaired or replaced. 

Field coils for opens. 

e@ Connect test lamp across ends of coils. 

— If test lamp does not light, field coils are open. 

Field coils for shorts. 

e Shorts are indicated by poor motor performance 
after everything else has been checked out. On 
the SD-200 starter motor, field coils cannot be 
replaced separately because of integral frame 
construction. Frame and field assembly must 
be replaced. 

Drive assembly (clutch) by turning drive pinion in 

cranking direction. 

@ If drive pinion turns roughly or slips in cranking 
direction, replace complete overrunning clutch 
assembly. 


F-01970 


Figure 16 — Testing Armature for 
Grounds 


. Checking Solenoid Pull-in Winding 
. Checking Solenoid Hold-In Winding 
. "BAT" Terminal 

. Battery 

. Solenoid 

. “S" Terminal 

. "M" Terminal 


. Voltmeter 


. Carbon Pile 
. Ammeter 


. Switch 


F-10201 
Figure 17 — Solenoid Test Connections 
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17. Solenoid for grounds. 
@ Connect 100 volt test lamp between solenoid 
case and each terminal, one terminal at a time. 
— If test lamp lights, terminal is grounded. 
Replace solenoid. 
18, Hold-in winding and pull-in winding. 
e With all leads disconnected from solenoid, 
make test connections as shown in figure 17. 


NOTICE: To prevent overheating the pull-in 
winding, do not leave the winding energized 
more than 15 seconds. The current draw will 
decrease as the winding temperature increases. 


@ Turn switch on and adjust carbon pile to lower 
battery voltage to value shown _ in 
"Specifications" in this section. 

@ Note ampere reading; high reading indicates 
shorted or grounded winding, and low reading 
indicates excessive resistance. 

— Winding resistance can be read directly 
using a digital ohmmeter that can measure 
tenths of an ohm. 

— Coil resistance can be determined by 
dividing voltage by current (amperes) values 
listed in "Specifications" in this section. 


ASSEMBLY 
SOLENOID 
Assemble (Figure 14) 
1. New contact disc assembly (47), if needed. 
2. Cover (48) to solenoid body. 
3. Screws attaching cover. : 
. 4 Nuts from "S" terminal (45) and "M" terminal (46). 
BRUSHES 
Assemble (Figure 13) 
1. Brushes (23) into brush holders (39). 
2. Screws (38) into brush holders (89). 
3. Brush holders into brush supports (61). 
LEVER HOUSING AND FIELD FRAME (Figure 8) 
Assemble 
1. Solenoid plunger (13) to shift lever (12) with roll 
pin (28). 


2. Shaft (29) and snap ring (81). 
e@ Make sure shift lever (12) pivots freely. 


Important 


e@ Lubricate drive end, commutator, brushings or 
bearings and armature shaft with Delco-Remy 
Lubricant No. 1960954 or equivalent. 

e Lubricate shaft underneath overrunning clutch 
assembly with silicone grease, such as General 

' Electric CG321, or Dow Corning 33 medium, or 
equivalent. Overrunning clutch does not require 
lubrication. 


3. Drive assembly (34) on armature shaft. 
e Slide drive assembly on shaft with pinion gear 
toward shaft end. 
4. Stop collar (83) on shaft with cupped end away 
from pinion gear. 
5. Retainer ring (80) on shaft (figure 18). 
e Place retainer ring (80) on end of shaft. 
e@ With wood block on top of ring, force ring onto 
shaft with light hammer blow. 
e Slide ring down and into shaft groove. Do not 
distort retainer ring (80) when installing it. 


30. Retainer Ring 
55. Groove 


F-10202 
Figure 18 — Forcing Retainer Ring on 
Shaft 
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4. Push pinion gear (59) back toward commutator - 
end to eliminate slack movement. 
5. Measure distance between pinion gear (59) and 
collar (33). : 
@ Clearance should be 0.25mm to 4.06mm (0.010 
inch to 0.160 inch). ; : 


. "BAT* Terminal 
. Battery 

. Solenoid 

. "S" Terminal 

. "M" Terminal” 
. Jumper 


30. Retainer Ring . Starter Assembly 


33. Stop Collar 
56. Washer 


Figure 19 — Forcing the Collar Over 
Retainer Ring 


6. Stop collar (33) with retainer ring (figure 19). 
e Place suitable washer (56) over retainer ring 
end and squeeze collar and washer together. 
@ Remove washer (56). 
7. Stop collar (33) with flat side away from pinion. 
e Apply sealing compound to solenoid flange, just 
under solenoid. 
e Spread brush assemblies using tool socket 
slightly larger in diameter than commutator. 
- @ Slide field frame over armature. Brush retaining 
tool socket will slide out as field frame bottoms. 
@ Install end frame (86) and two through bolts 
(37). 
8. Solenoid (16) and solenoid return spring (27) to 
drive end housing (82). Figure 20 — Checking Pinion Clearance 
9. Solenoid retaining bolts (25) and flat washers (26). 
10. Drive assembly collar to shift lever fingers. 
11. Armature shaft into drive end bearings. 
12. Field frame (41) to drive end housing (32). = cower 
13. Field coil strap to solenoid "M" terminal. 59. Pinion Gear 


60. Feeler Gage 
PINION CLEARANCE CHECK 


The pinion clearance cannot be adjusted but should 
be checked after reassembly of the motor. Improper 
clearance is an indication of worn parts. 

To check pinion clearance, perform the following 
steps (figures 20 and 21). 

1. Disconnect motor field connector from solenoid 
*M* terminal (46). Insulate connector carefully. A. Press en the Clutch 

2. Connect positive side of battery (5) to solenoid "S" : to Remove the Slack 
terminal (45) and negative side to starter frame. B. Pinion Clearance 

3. Momentarily flash jumper lead from solenoid *M" 60 F-10205 
terminal (46) to starter frame. This will shift pinion ; 
gear (59) into cranking position. It will remain Figure 21 — Measuring Pinion Clearance 
there until battery is disconnected. 


( 


ts; 
IN 


CRANKING SYSTEM 6D2 - 15 


SPECIFICATIONS 


STARTER SPECIFICATIONS 


oe Load Test @ 10 Volts ee 


eee Rotation Solenoid 


10455018 222 | note 6000 | 44,900 1,900 1114530 


TORQUE SPECIFICATIONS 


STARTER 


Mounting Bolts 
Mounting Bracket Nuts 
Mounting Bracket Bolt 


LUBRICATION 


For starter part lubrication, use Delco-Remy Gear and Shift Lubricant No. 196094 or equivalent. 
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BLANK 
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SECTION 6D3 
CHARGING SYSTEM 


- NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 
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CHARGING SYSTEM 


The charging system consists of the battery, the 
generator, the regulator, and the charging system 
voltmeter circuitry. The generator supplies electrical 
power for charging the battery and operating 
accessories. 

The CS-130 (figures 1 and 2) is a generator featuring 
a high ampere output per pound of weight. The CS 
Stands for charging system and 130 is the 
measurement in millimeters of the outside diameter of 
the stator laminations. 

This generator with integral regulator does not have 
a diode trio. The delta stator, rectifier bridge, and rotor 
with slip rings and brushes are electrically similar to 
other generators. A conventional fan and pulley are Figure 1 — CS-130 Generator 
used, and an internal fan cools the slip rings, end 
frame, rectifier bridge and regulator. 


1. Terminals P, L, F, S 
2. BAT Terminal F-10179, 
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The regulator voltage setting varies with temperature, 
and limits system voltage by controlling rotor field 
current. It switches rotor field current on and off at a 
fixed frequency of about 400 cycles per second. By 
varying the on-off time, correct average field current for 
proper system voltage control is obtained. At high 
speeds, the on-time may be 10 percent and the off-time 
90 percent. At low speeds, with high electrical loads, 
on-off time may be 90 percent and 10 percent, 
respectively. 


. Regulator 

. Double Sealed 
Ball Bearing 

. Terminals 

. Rotor 

. Stator 

. Internal Fan 

. Rectifier Bridge 


Figure 2 — Generator Components 


The regulator has four terminals, "P," L," "F," and "S" 
(figure 1). The "P" and "S" terminals are not used on 
this application. The "L" terminal is used for off vehicle 
testing purposes only. 

The "F* terminal's function is to turn on the regulator 
and allow field current to flow when the switch is closed. 
This terminal is connected to the switch and voltmeter 
on the vehicle. 

The generator is not serviceable, and no periodic 
maintenance is required. 
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DIAGNOSIS 


NOISY GENERATOR 


Noise from a generator may be caused by a loose 
drive pulley, loose mounting bolts, worn or dirty 
bearings, or a worn stator. If the pulley and mounting 
bolts are snug and the noise continues, replace the 
generator as explained under "Generator Replacement" 
later in this section. 


ELECTRICAL TESTS 


‘Before performing the diagnosis procedures on the 
vehicle, be certain that the system wiring is good and 
generator belts are not slipping. Also, the battery must 
be fully charged for a valid test of the charging system. 


NOTICE: To avoid damage to the vehicle 
electrical system, observe the _ following 
precautions: 

@ Do not polarize generator. 

@ Do not short across or ground any terminals in 
charging circuit except as specifically instructed 
herein. 

@ NEVER operate generator with output terminal 
open-circuited. 

@ Make sure generator and sca J have same 
ground polarity. 

@ When connecting a charger or booster battery 
to vehicle battery, connect negative to negative 
and positive to positive. 


CIRCUIT DIAGNOSIS 


Trouble in the charging system will show up as one 
or more of the following conditions: 

® Abnormal voltmeter reading. 

@ An undercharged battery as evidenced by slow 

cranking or dark hydrometer. 

@ Anovercharged battery as evidenced by excessive 

spewing of electrolyte from vents. 

A basic wiring diagram for the charging system is 
shown in figure 3. If the voltmeter gives an unusual 
reading, or if an undercharged or overcharged battery 
condition occurs, the following procedure may be used 
to diagnose the charging system. Remember that an 
undercharged battery is often caused by accessories 
being left on overnight, or by a switch stuck closed 
which allows a lamp, such as a glove box lamp, to stay 
on. 

This generator does not have a test hole. 


r 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
I 


[ee 


. BAT Terminal 
. Stator 

. Rectifier Bridge 
. Voltmeter 

. Switch 

. Fuse 

. Battery 


o RR F-10181 
Figure 3 — CS Generator Schematic 


DIAGNOSTIC TEST FOR CS-130 


Check belt for wear and tension. Check wiring. 

If battery is undercharged or overcharged: 

@ Detach wiring harness connector from 
generator. 

@ With key on and engine not running, connect 
voltmeter from ground to "F* terminal in wiring 
harness. 

e A zero reading indicates an open circuit 
between terminal and battery. Correct as 
required. 

e@ Disconnect voltmeter and connect harness 
connector to generator and run engine at 
moderate speed with accessories off. 

e@ Measure voltage across battery. If above 16 
volts, replace generator. 
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e Connect ammeter (18) at generator output 
terminal, connect voltmeter (16) across battery 
(13), turn on all accessories and load battery (13) 
with carbon pile (15) to obtain maximum 
amperage. Maintain voltage at 13 volts or above 
(figure 4). 
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Figure 4 — Connections for Generator 
Output Test 


— If output in amperes is within 15 amperes of rated 
output, generator is OK as explained under 
"Specifications" in this section. 

— If output is not within 15 amperes of rated output, 
replace generator. 


GENERATOR BENCH CHECK 


1. Make connections as shown in figure 4, except 
leave carbon pile disconnected. Ground polarity 
of generator and battery must be the same. 
Battery must be fully charged. Use a 30 to 500 
ohm resistor between battery and "L" terminal. 

2. Slowly increase generator speed and observe 
voltage. 

3. If voltage is uncontrolled and increases above 16 
volts, rotor field is shorted, or regulator is not 
working properly, or both. A shorted rotor field 
coil can cause problems in regulator. 

4. If voltage is below 16 volts, increase speed and 
adjust carbon pile to obtain maximum amperage 
output. Maintain voltage above 13 volts. 

5. If output is within 15 amperes of rated output, 
generator is good. 

6. If output is not within 15 amperes of rated output, 
replace generator. : 


ON-VEHICLE SERVICE 


GENERATOR REPLACEMENT 


NOTICE: Failure to observe Step 1 in this 
procedure can result in damage to the vehicle’s 
electrical and/or charging system. 


Remove or Disconnect (Figure 5) 


O9aArAoO Na 


Negative battery cable at battery. 

Terminal plug and battery leads from back of 
generator (19). 

Rear bolt (20). 

Upper mounting bolt (23). 

Lower mounting bolt (24) and nut (22). 
Generator (19) from bracket (21). 


Install or Connect 


1. Generator (19) to bracket (21). 

2. Lower mounting bolt (24) and nut (22). Do not 
tighten. 

3. Upper. mounting bolt (23). Do not tighten. 

4. Rear bolt (20). 


[2] Tighten 


@ Nut on lower mounting bolt to 50 Nm (97 ft. 
Ibs.). 

e Upper mounting bolt to 34 Nm (25 ft. Ibs.). 

@ Rear bolt to 27 N'm (20 ft. Ibs.). 


5. Terminal connector and battery lead to back of 
generator (19). 
6. Negative battery cable. 
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. Generator 

. Rear Bolt 

. Mounting Bracket 
Nut 

. Upper Mounting Bolt 

. Lower Mounting Bolt 


Figure 5 — Generator Mounting 


SPECIFICATIONS 


GENERATOR SPECIFICATIONS 


Field Current 
(80°F) 


Cold Output Rated Hot Output 


Part Number Serles Type Rotation Amps __ Volts Amps RPM Amps RPM 


TORQUE SPECIFICATIONS 


N'm Ft. Lbs. 
GENERATOR 
Lower Mounting Bolt ....eceesecccccccccevscccncecs 50 37 
Bear BOW os + a0 G54 08556 EE EP AODER CARERS RAS RKO ER 27 20 
Upper Mounting Bolt ....cecsecccvccrcvecvccesscens 34 25 
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SECTION 6D4 
IGNITION SYSTEM 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 
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DESCRIPTION 


IGNITION SYSTEM 1991 to current vehicles beginning with VIN number 
1GBCS10E0M2912017 use the 2.5L liter L388 engine. 


Th —— elived batt ’ The distributor used on these engines is identified by 
di ULV ela en eee nig hs . a hes the use of only a pickup assembly and the elimination 
stributor, an ignition switch, spark plugs, an of the wiring pigtail coming from the distributor. The 


related primary and secondary wiring. lameter of the dictibutor can [8 72 : 
All 1987 through 1991 vehicles with VIN numbers ete 4 p is 72mm (2.83-inches) 


prior to 1GBCS10E0M2912017 have the 2.5L liter LN8 Unless otherwise noted, the service procedures in 
engine. These engines use a distributor that is : : , ‘ 

identified by using both a pickup assembly and a Hall this section apply to the LN6 and L398 engines. 
Effect switch as well as having a wiring harness as part 
of the distributor. The diameter of the distributor cap 
can also be used for identification. It is 89 mm (8.5- 
inches) (figure 1). 
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Figure 1 — 1987 through 1991 LN8 Distributor 


DISTRIBUTOR 


A distributor with a separate coil is used on the LLV. 
The coil connects to the rotor through a high tension 
wire. 

The distributor uses a magnetic pickup assembly 
located inside the distributor which contains a 
permanent magnet, a pole piece with internal teeth, and 
pickup coil. When the teeth of the timer core rotating 
inside the pole piece line up with the teeth of the pole 
piece, an induced voltage in the pickup coil signals the 
electronic module to trigger the coil primary circuit. The 
primary current decreases and a high voltage of up to 


1. Module 
2. Pickup Coil Assembly 
3. Hall Effect Switch 


F-10218 


35,000 volts is induced in the ignition coil secondary 
winding which is directed through the rotor and 
secondary leads to fire the spark plugs. 

The distributor also features a longer spark duration, 
made possible by the higher amount of energy stored 
in the coil primary windings. This is desirable for firing 
lean mixtures. 

No periodic lubrication is required. Engine oil 
lubricates the lower bushing and an oil-filled reservoir 
provides lubrication for the upper bushing. 


IGNITION SYSTEM 6D4 - 3 


1. Module 
2. Pickup Coil Assembly 


F-10219 


Figure 2 — 1991 L38 Distributor 


ELECTRONIC SPARK TIMING 
(EST) SYSTEM 


EST is a part of most Computer Command Control 
systems. The computer, called an ECM (Electronic 
Control Module), monitors information from various 
engine sensors, computes the desirable spark timing, 
and signals the distributor to change the timing. 

The distributor does not contain centrifugal advance 
weights, springs, or a vacuum advance unit. 

For information on the EST system, system 
components and their locations, and diagnostic charts, 
refer to FUEL AND EMISSION CONTROL (SEC. 6E). 


HALL EFFECT SWITCH 

The distributor on the LN8 engine contains a Hall 
Effect switch (figure 1). It is mounted above the pickup 
coil in the distributor and takes the place of the 
reference ("R") terminal on the distributor module. It 
provides a voltage signal to the ECM to tell it which 
cylinder will fire next. 


IGNITION TIMING 


Timing specifications for each engine are listed on 
the Vehicle Emissions Control Information label on the 
radiator support. Always follow Vehicle Emissions 
Control Information label procedures when adjusting 
timing. When using a timing light, connect an adapter 


between the No. 1 spark plug and the No. 1 spark plug 
wire, or use an inductive-type pickup. Do not pierce the 
plug lead. Once the insulation of the spark plug cable 
has been broken, voltage will jump to the nearest 
ground, and the spark plug will not fire properly. 

Some engines incorporate a magnetic timing probe 
hole for use with special electronic timing equipment. 
Consult manufacturer's instructions for use of this 
equipment. 


SPARK PLUGS WIRES 


The 7 mm wire used on the LLV has an outer layer of 
silicone. The silicone spark plug boots form a tight seal 
on the plugs. Refer to "Spark Plug Wiring and Boots" 
later in this section for service precaution. 


SPARK PLUGS 


Resistor-type, tapered seat spark plugs are used on ° 
all engines. No gasket is used on these tapered seat 
plugs. Refer to figures 3 and 4 for an explanation of 
letter coding on spark plugs. A dot before the spark 
plug code or the letter "C* after the number in the code 
indicates the plug has a copper core. Refer to the 
Important Vehicle Information label on the upper fan 
shroud for correct gap information. 
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Normal or average service is assumed to be a 
mixture of idling, slow speed, and high speed operation 
with some of each making up the daily total driving. 
Occasional or intermittent high-speed driving is 
essential to good spark plug performance as it provides 
increased and sustained combustion heat that burns 
away any excess deposits of carbon or oxide that may 
have accumulated from frequent idling, continual stop- 
and-go or slow-speed driving. Spark plugs are 
protected by an insulating boot made of special heat- 
resistant material which covers the spark plug terminal 
and extends downward over a portion of the plug 
insulator. These boots prevent flash-over which causes 
missfire of engine, even though a film is allowed to 
accumulate on the exposed portion of plug porcelains. 

Do not mistake corona discharge for flash-over or a 
shorted insulator. Corona is a steady blue light 
appearing around the insulator, just above the shell 
crimp. It is the visible evidence of a high-tension field, 
and has no effect on ignition performance. Usually it 
can be detected only in darkness. This discharge may 
repel dust above the shell. This ring is sometimes 
mistakenly regarded as evidence that combustion 
gases have blown out between shell and insulator. ~ 


Resistor 

14 mm Thread 
Heat Range 
Taper Seat 
Extended Tip 
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Figure 3 — Spark Plug Coding 


Numbers relate to thread size as follows: 
1st number denotes THREAD SIZE 

4= 14mm Y2-inch taper 

8 = 18mm 12-inch 

0 = 10mm 3/4-inch 

2= 12mm 7/a-inch 


1 
1 


2nd number denotes HEAT RANGE 


0-1-2-3-4-5-6-7-8-9 
COLD ———— HOT F-02496 


Figure 4 — Spark Plug Coding Chart 


Play Gap eae 
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DIAGNOSIS OF IGNITION SYSTEM 


ELECTRONIC SPARK TIMING Refer to "Unit Repair of Distributor" explained in this 
(EST) SYSTEM section for distributor component checks. ' 


The FUEL AND EMISSIONS CONTROL (SEC. 6E) 
_ Covers this system including the diagnostic use of the 


"CHECK ENGINE" lamp. 
DIAGNOSIS OF SPARK PLUGS 


Brown To 1. Normal wear. 1. Clean, regap, reinstall. 
Grayish-Tan 
Deposits And 
Slight Electrode 
Wear 


Dry, Fluffy Black 
Carbon Deposits 


Check distributor to coil connections. 
Refer to FUEL AND EMISSION 
CONTROL (SEC. 6E). 


Poor ignition output. 


Degrease, clean and reinstall plugs. 


. “Break-in" of new or recently 
. overhauled engine. 

Excessive valve stem guide 

clearances. 

Worn intake valve seals. 


Wet, Olly 
Deposits With 
Very Little 
Electrode Wear 


Refer to ENGINE (SEC. 6A). 


Replace seals. 


Clean, regap, and reinstall. If heavily 
coated, replace. 


Red, Brown, 
Yellow And White 
Colored Coatings 
On Insulator. 
Engine Misses 
Intermittently 
Under Severe 
Operating 
Conditions 


By-products of combustion. 


Check seals. Replace if necessary. 
Clean, regap, and reinstall plugs. 


Leaking seals if condition is found in 
only one or two cylinders. 


Colored Coatings 
Heavily Deposited 
On Portion Of 
Plug Projecting 
Into Chamber And 
On Side Facing 
Intake Valve 


Avoid sudden acceleration with wide- 
open throttle after long periods of low 
speed driving. Replace plugs. 


Shiny Yellow Melted by-products of combustion. 
Glaze Coating On 


Insulator 
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| DIAGNOSIS OF SPARK PLUGS (CONT.) 


Burned Or 1; 
Blistered 

Insulator Tips 

And Badly Eroded 
Electrodes 


Overheating. 


Broken Or 
Cracked Insulator 
Tips 


Heat shock from sudden rise in tip 
temperature under severe operating 
conditions. Improper gapping of 
plugs. 


Check cooling system. 
Check for sticking heat riser valves, 
Refer to ENGINE (SEC. 6A). 
Lean air/fuel mixture. Refer to FUEL 
AND EMISSION CONTROL (SEC. 
6E). 
Check heat range of plugs. May be 
too hot. 
Check ignition amiing, May be over- 
advanced. 
Check torque value of plugs to 
ensure good plug-engine seat 
contact. 


Replace plugs. Gap correctly. 


ON-VEHICLE SERVICE 


SERVICE PRECAUTIONS 


Some service tachometers and electronic diagnostic 
equipment may NOT be compatible with this ignition 
system. Consult your representative of such equipment. 

1. When making compression checks, disconnect 
ignition switch feed wire at distributor. When 
disconnecting this connector, release locking tab 
while pulling on connector body; do not use 
screwdriver or tool to release locking tab as it may 
break tab. 

2. No periodic lubrication of distributor is required. 
Engine oil lubricates lower bushing and an oil-filled 
reservoir provides lubrication for upper bushing. 


NOTICE: The tachometer terminal must NEVER 
be allowed to touch ground, because damage 
to the module inside the distributor and/or 
ignition coil can result. 


3. There is no manual dwell adjustment. 

4. Material used to construct spark plug wires is very 
pliable and soft. This wire will withstand more 
heat and carry higher voltage. Due to the more 
pliable wire, scuffing and cutting become easier. It 
is therefore, extremely important that spark plug 


wires be routed correctly to prevent chafing or cutting. 

When removing spark plug wire from spark plug, twist 
boot on spark plug and pull on the boot to remove wire 
as explained under "Spark Plug Wiring and Boots" in 
this section. 


INSPECTION AND ELECTRICAL 


TESTS 
a Inspect 


. Cap for cracks or holes. Replace cap ff it is 
damaged at all. 

2. Metal terminals in cap for corrosion. Scrape them 
clean with knife or replace cap. 

3. Rotor for wear or burning at outer terminal. The 
presence of carbon on terminal indicates rotor 
wear and need for replacement. 


Measure 


HALL EFFECT SWITCH (LN8 ENGINE ONLY) 
1. Voltage of Hall Effect switch. 
@ Connect 12-volt battery (6) and voltmeter (5) as 
shown in figure 5. 
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e With knife blade inserted and held against 
magnet (4), voltmeter should read within .05 
volts of battery voltage. If not, replace switch. 

@ Remove knife blade. Voltmeter should read less 
than 0.5 volts. If not, replace switch. 


. Insert a knife blade straight 
down and against the magnet. 
Hall Effect Switch 
Magnet 
Voltmeter 
Battery 


Figure 6 — Testing Pickup Coil (LN8 Engine Only) 


F-10220 
Figure 5 — Testing Hall Effect Switch 
(LN8 Engine Only) 


PICKUP COIL 
1. Resistance of pickup coil with an ohmmeter. 

e@ Connect an ohmmeter to either pickup coil lead 
and housing as shown in figures 6 and 7, step 
1. Reading should be infinite. If not, replace coil. 

e@ Connect ohmmeter to both pickup coil leads as 
shown in figures 6 and 7, step 2. Flex leads by 
hand at coil and connector to locate any 
intermittent opens. Ohmmeter should read 
constant unchanging value in 500 to 1500 ohm 
range. If not, replace coil. 


IGNITION COIL 
1.- Resistance of ignition coil with an ohmmeter. 

e@ Connect ohmmeter as shown in figure 8, step 1. 
Use high scale. Reading should be infinite. If 
not replace coil. 

e Connect ohmmeter as shown in step 2. Use low 
scale. Reading should be very low or zero. If 
not, replace coil. ' F-02116 

e@ Connect ohmmeter as shown in step 3. Use Figure 7 — Testing Pickup Coil (L38 Engine Only) 
high scale. Meter should not read infinite. If it 
does, replace coil. 
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DISTRIBUTOR AND COIL. 
REPLACEMENT, . 


The distributor has a separate coil which is mounted 
on the RH side of the engine. 


DISTRIBUTOR 
Remove or Disconnect (Figures 9 and 10) 


Negative battery cable. 

Air cleaner and hoses. 

Wiring harness connector at side of distributor. 

Distributor cap and move it out of the way. 

e@ Scribe mark on engine in line with rotor. 

@ Note position of distributor housing in relation to 
engine. 

5. Distributor hold-down bolt (11) and clamp (10). 

6. Distributor (9). 


Ph = 


A. Scrape clean metal ground Install or Connect (Figures 9 and 10) 


7. Battery Terminal (+ side) 


@ To ensure c imi f distributor it must be 
8. Trigger Terminal (- side) © a eniciarscatatanin. condita 


installed with rotor correctly positioned as noted in 
step 4 of removal procedure. 
F-10306 @ If distributor shaft won’t drop into engine, insert a 
Figure 8 — Testing Ignition Coil screwdriver into hole for distributor and turn oil 
pump driveshaft. 
Distributor (9). 
Hold-down clamp (10) and bolt (11). 
Distributor cap. 
Wiring harness connector at side of cap. 
Air cleaner and hoses. 
Negative battery cable. 


OarPwWON> 


To Vehicle Wiring Harness 
To Ignition. Coil 

Distributor 

Clamp 

Bolt 


Figure 9 — Removing and Installing Distributor 
(LN8 Engine Only) 
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IGNITION COIL 
Remove or Disconnect (Figure 11) 


Negative battery cable. ‘ 
Wiring harness connectors at coil. 
High tension coil wire. 
Bolts (14) holding coil bracket and coil (13) to 
intake manifold (12). 
5. Ignition coil and bracket (13). 
e Drill and punch out two rivets holding coil to 
bracket. 
6. Coil from bracket. 


-op> 


Install or Connect (Figure 11) 


Replacement coil kit comes with two screws to reattach 
coil to bracket. 


m ; 1. Coil to bracket with two screws. 
. To Vehicle Wiring Harness 2. Coil and bracket (13) to intake manifold (12) with 
. To Coil Jumper Harness bolts (14). 
Distributor 3. High tension coil wire. 
Clamp 4. Wiring harness connectors to coil. 
Bolt 5. Negative battery cable. 


IGNITION TIMING 


Figure 10 — Removing and Installing Distributor 
(L38 Engine Only) 


CAUTION: To prevent possible personal Injury from 
a moving vehicle or operating engine do the following 
before performing the checks: 

1. Engage parking brake and block wheels. 

2. Place transmission In park. 


1. Refer to Important Vehicle Information label 
located on upper fan shroud. Follow all 
instructions on label. 

2. Put EST system in bypass mode by connecting 
terminals "A" and "B" and ALDL connector located 
inside vehicle under fuse panel. Refer to FUEL 
AND EMISSION CONTROL (SEC. 6E) for further 
information. 

3. With ignition switch off, connect pickup lead of 
timing light to number one spark plug. Use jumper 
lead between wire and plug or inductive-type pick 


up. 


DO NOT pierce wire or attempt to insert a wire 
between boot and wire. Connect timing light 
power leads according to manufacturer's 
instructions. 


12, Intake Manifold 
13, Ignition Coil and Bracket 


14. Bolts F-10224 
Figure 11 — Removing and Installing Ignition Coil 
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4. 


Follow all instructions on Important Vehicle 
Information label. Start engine, and aim timing 
light at timing mark (figure 12). Line on balancer 
or pulley will line up at timing mark. If a change is 
necessary, loosen distributor hold-down clamp 
bolt at base of distributor. While observing the 
mark with timing light, slightly rotate distributor 
until line indicates correct timing. Tighten hold- 


‘down bolt, and recheck timing. 


Turn off engine and remove timing light. 
Reconnect number one spark plug wire, if 
removed. 


Figure 12 — Typical Timing Mark 


SPARK PLUG WIRING 


AND BOOTS 
PRECAUTIONS 

1. Twist boots one-half turn before removing. 

2. When removing boot, do not use pliers or other 
tools that could tear boot. 

3. Do not force anything between wire and boot, or 
through silicone jacket of wiring. 

4. Do not pull on wires to remove boot. Pull on boot, 


or use tool designed for this purpose. 


5. Special care should be exercised when installing 
spark plug boots to assure that metal terminal 
within boot is fully seated on spark plug terminal 
and that boot has not moved on wire. If boot to 
wire movement has occurred, boot will give false 
visual impression of being fully seated. A good 
check to assure that boots have been properly 
assembled is to push sideways on installed boots. 
If they have been correctly installed, a stiff boot 
with only slight looseness will be noted. If terminal 
has not been properly seated on spark plug, only 
resistance of boot will be felt when pushing 
sideways. , 

6. Besure to position all plug boots perpendicular to 
centerline of engine. ' 


SPARK PLUG WIRE - 
REPLACEMENT 


hat 


Wire routings must be kept intact during service and 
followed exactly when wires have been-disconnected or 
when replacement of the wires is necessary) Failure to 
route the wires properly can lead to radio ignition noise 
and crossfiring of the plugs, or shorting of the leads to 
ground. The correct routing for each engine is shown 
in figures 14 and 15. 

Some distributors have spark plug wire retainer 
harness assemblies with the engine firing order marked 
on them. If the firing order is not indicated, install the 
plug wires according to the firing order as shown in 
figure 13. ; 


4 


FIRING © 
ORDER !~3-4-2 


F-02757 
Figure 13 — Spark Plug Wire Schematic 
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Figure 14 — Spark Plug Wire Routing (LN8 Engine Only) 
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A. Coil Jumper Harness 


0) 
Ql 
o 
ay 
irs 


Figure 15 — Spark Plug Wire Routing (L38 Engine Only) 
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UNIT REPAIR OF DISTRIBUTOR 


DISTRIBUTORS WITH PIGTAIL WIRING HARNESS 
(LNS ENGINE ONLY) 


Remove or Disconnect (Figures 16 and 17) 


1. Cap (15). 
@ Unlatch spring latches holding cap to housing. 
2. Rotor (16). 
3. Two bolt (82) holding Hall Effect switch (31) to 
housing (26). 
@ Lift away locking tab of connector to switch. 
4. Hall Effect switch (31) by lifting straight up. 
5. Roll pin (20) from shaft (17). 


@ Mark shaft (17) and driven gear (21) so they 
can be aligned for assembly. 

@ Drive out roll pin (20) with small punch (figure 
17). 


Pickup Coil Assembly 
(Pole Piece and Plate) 
"C" Washer 

Roll Pin 


. Gear 

. Washer 

. Spring 

. Spring Retainer 

. Tang Washer 
Housing 
Module 

. Screws 

. Wiring Harness 

. Wiring Harness Bolt 
Hall Effect Switch 
Hall Effect Switch Bolts 


6. 


Figure 16 — Distributor Components (LN8 Engine Only) 


Driven gear (21), washer (22), spring (23), retainer 
(24), and tang washer (25). 

Shaft (17) from housing (26). 

@ Pry straight up. 

Thin "C* retaining washer (19) from inside pickup 
coil assembly (18). 
Pickup coil connector from module (27). 

Pickup coil assembly (18) from housing. 


. Wiring harness connectors from module. 


Two screws (28) holding module (27) to housing 
(26). 

Module (27). 

Bolt (30) holding wiring harness (29) to housing 
(26). 

Wiring harness (29). 
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Install or Connect (Figures 16 and 18) 


e@ Lubricate 
e Bottom of module and module rest pad in 
housing with silicone grease or an equivalent 
heat transfer substance. 


NOTICE: Be sure to thoroughly coat the bottom 
of the module. Failure to do so could result in 
heat damage to the module. 


1. Module (27) to housing (26) with two screws (28). 
2. Wiring harness (29) to housing (26). 
3. Two harness mounting tabs to housing with one 
bolt (30). 
4. Two wiring connectors to module (27). 
@ Be sure locking tabs are in place. 
5. Pickup coil (18) to housing (26). 
e@ Fit tab on bottom of coil into anchor hole in 
housing. 
Pickup coil wiring connector to module, 
Thin "C" washer (19) into coil. 
Shaft (17) into housing. 
Tang washer (25), spring retainer (24), spring (23), 
washer (22), and driven gear (21) onto shaft. 
e@ Align marks on driven gear, housing, and shaft 
assembly. 


OOND 


——— F-02114 
Figure 17 — Removing Roll Pin 


10. 


13. 


14. 


15. 


Roll pin (20) into driven gear (21) using pliers 

(figure 18). 

e After assembly, turn shaft by hand to check 
tooth clearance between shaft and pickup coil 
assembly. If clearance needs adjustment, 
loosen and retighten three pickup coil bolts. 


. Wiring connector to Hall Effect switch (31). 


Hall Effect switch to housing with two bolts (32). 
@ Teeth on shaft should rotate between back 
plate and magnet of switch without touching. 

Rotor (16) onto shaft (17). 

@ Fit tab in rotor into slot on shaft. 

Cap (15) onto housing. 

e@ Fit tab inside rim of cap into slot on rim of 
housing. 

Spring clips on cap onto rim of housing. 


Figure 18 — Installing Roll Pin 
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DISTRIBUTORS WITHOUT PIGTAIL HARNESS (L38 
ENGINE ONLY) 


NOTICE: Be sure to thoroughly coat the bottom 
of the module. Failure to do so could result in 
heat damage to the module. 


Remove or Disconnect (Figures 17 and 19) 


. Cap bolts (85) holding cap to housing. 


—_ 


Module (27) to housing (26) with two screws (28).. 


1 2. Pickup coil (18). 
2. Cap (15) from housing (26). e Fit tab on bottom of coil into anchor hole in 
3, Rotor (16) from shaft (17) by lifting or prying housing. 
straight up. 3. Pickup coil wiring connector to module (27). 
4. Roll pin (20) from shaft (17). @ Make sure locking tab is in place. 
@ Mark shaft and driven gear (21) or reassembly. 4. Shield (34) onto coil. 
@ Drive out roll pin with small punch (figure 17). 5. Retainer (33) onto shield. 
5. Driven gear (21), spring (23), and spring retainer 6. Shaft (17) into housing (26). 
(24). 7. Spring retainer (24), spring (23), and driven gear 
6. Shaft (17) with pole piece and plate from housing (21) onto bottom of shaft. 
(26). e Align marks on driven gear, housing, and shaft 
7. Retainer (33) from housing (26) by prying it with assembly. 
screwdriver. 8. Roll pin (20) into gear (figure 18). 
8. Shield (34). e Spin shaft and make sure teeth on shaft 
9. Pickup coil connector from module (27). assembly do not touch pole piece. 
@ Lift locking tab with a screwdriver. 9. Rotor (16) onto shaft. 
10. Pickup coil (18). e Fit tab in rotor into slot on shaft. 
11. Two screws (28) holding module (27) to housing 10. Cap (15) to housing with cap bolts (35). 


(26). 
12. Module (27). 


Install or Connect (Figures 18 and 19) 


@ Lubricate 
@ Bottom of module and module rest pad in 
housing silicone grease or an equivalent heat 
transfer substance. 


Cap 

Rotor 
Shaft 
Pickup Coil 
Roll Pin 
Gear 
Spring 


Spring Retainer 
Housing 
Module — 
Screws 
Retainer 

Shield 

Cap Bolts 


Figure 19 — Distributor Components (Separate Coil and Sealed Connector) (L38 Engine Only) 
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SECTION 6D7 
ENGINE WIRING 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 


CONTENT 
SUBJECT PAGE 
DOSCIRUON: occa env Kowa kode aden es RHSES PS STE TR ERED EHO ERS EN ERO ROW eS Nee Sew 6D7 - 1 
Engine Wiring Views ......... TTTTTUCCTICT COTO LL TEE ET L Te ee ie Se es he exae GD7=1 


DESCRIPTION 
ENGINE WIRING VIEWS replace them. Electrical problems can result from wiring 


or harnesses becoming loose and moving from their 


When it is necessary to move any of the wiring, 
whether to lift wires away from their harnesses or move 
harnesses to reach some component, take care that all 
wiring is replaced in its original position and all 
harnesses routed correctly. If clips or retainers break, 


figures 1 through 4 for correct routing of engine wiring. 


original positions or from being rerouted. Refer to. 
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Slide Grommet into . TP Sensor Connector 

Place . MAT Sensor Connector 
. Use Retainer to Hold . Coolant Temperature 

. Grommet to Cowl Panel Sensor Connector 

Pigtail Harness from . Coolant Temperature 

Distributor Sensor 

Fuse Panel . MAP Sensor 

Fuse Panel . MAP Sensor Connector 

Bulkhead Connector . MAT Sensor 

ECM 

Injector Connector 

TBI Unit 
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Idle Speed P/S Pressure 

Switch Connector 

Idle Speed Power 

Steering Pressure Switch 

Generator 

Oil Pressure Sensor 

EGR Solenoid 

Starter 

Oil Pressure Sensor 26. Fuel Pump and Fuel Gauge 
Connector Sender Harness 

Starter Solenoid Lead 27. TP Sensor 

Ignition Coil Connector 28. Generator "P, L, F, S" 
Distributor Connector Connector 

Fuel Pump Relay . Generator Battery 
Connector Connector 

Dash and Cowl Panel . EGR Solenoid Connector 
Fuel Pump Relay . IAC Connector 


Figure 1 — Engine Wiring — Right Front (LN8 Engine Only) 


. Slide Grommet into 


Place 


. Use Retainer to Hold 


Grommet to Cowl Panel 
Pigtail Harness from 
Distributor 

Fuse Panel 

Fuse Panel 

Bulkhead Connector 
ECM 

. Injector Connector 

. TBI Unit 
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Idle Speed P/S Pressure 
Switch Connector 
Idle Speed Power 
Steering Pressure Switch 


. Generator 


Oil Pressure Sensor 
EGR Solenoid 


. Starter 
. Oil Pressure Sensor 


Connector 


. Starter Solenoid Lead 


Ignition Coil Connector 
Distributor Connector 
Fuel Pump Relay 
Connector 

Dash and Cowl Panel 
Fuel Pump Relay 
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. TP Sensor Connector 
. MAT Sensor Connector 
. Coolant Temperature 


Sensor Connector 


. Coolant Temperature 


Sensor 

MAP Sensor 

MAP Sensor Connector 
MAT Sensor 
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Fuel Pump and Fuel Gauge 
Sender Harness 


. TP Sensor 


Generator "P, L, F, S" 
Connector 


. Generator Battery 


Connector 
EGR Solenoid Connector 
IAC Connector 


F-10231 


Figure 2 — Engine Wiring — Right Front (L38 Engine Only) 


6D7 - 4 ENGINE WIRING 


A. To Fuse Panel 
32. Oxygen Sensor Ground 
33. Ground Strap 
34. Engine Temperature Sensor 
35. Transmission 
36. Transmission Control Connector 
37. Oxygen Sensor 


32. Engine Ground Strap 
33. Oxygen Sensor Ground 
38. System Ground 


Figure 4 — Engine Ground Strap 
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CAUTION: 


These vehicles contain some parts dimensioned in the metric system as well as in the 
customary system. Some fasteners are metric and are very close in dimension to familiar 
customary fasteners in the inch system. It is important to note that, during any vehicle 
maintenance procedures, replacement fasteners must have the same measurements and 
strength as those removed, whether metric or customary. (Numbers on the heads of 
metric bolts and on surfaces of metric nuts indicate their strength. Customary bolts use 
radial lines for this purpose, while most customary nuts do not have strength markings.) 
Mismatched or incorrect fasteners can result in vehicle damage or malfunction, or 
possibly personal injury. Therefore, fasteners removed from the vehicle should be saved 
for re-use in the same location whenever possible. Where the fasteners are not 
satisfactory for re-use, care should be taken to select a replacement that matches the 
original. For information and assistance, see your authorized dealer. 


GMC TRUCK DIVISION 
TRUCK & BUS GROUP 
General Motors Corporation 
Pontiac, Michigan 


CAUTION 


To reduce the chance of personal injury and/gr property damage, the following 
instructions must be carefully observed. 


Proper service and repair are important to the safety of the service technician and the 
safe, reliable operation of all motor vehicles. If part replacement is necessary, the part 
must be replaced with one of the same part number or with an equivalent part. Do not 
use a replacement part of lesser quality. 


The service procedures recommended and described in this service manual are 
effective methods of performing service and repair. Some of these procedures require 
the use of tools specially designed for the purpose. 


Accordingly, anyone who intends to use a replacement part, service procedure or 
tool, which is not recommended by the vehicle manufacturer, must first determine that 
neither his safety nor the safe operation of the vehicle will be jeopardized by the 
replacement part, service procedure or tool selected. 


It is important to note that this manual contains various Cautions and Notices that 
must be carefully observed in order to reduce the risk of personal injury during service 
or repair, or the possibility that improper service or repair may damage the vehicle or 
render it unsafe. It is also important to understand that these “Cautions” and 
“Notices” are not exhaustive, because it is impossible to warn of all the possible 
hazardous consequences that might result from failure to follow these instructions. 


ACTION SYMBOL USAGE 


The general narrative writing style has been replaced in 
some procedures with action symbols. To improve readability 
and to provide emphases when needed, the following symbols 
are used in the text. ‘ 


Remove or Disconnect Inspect 
Install or Connect Measure 
Disassemble [A] Tighten 


Assemble Important 
Clean Adjust 


Ee ee ae 
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GENERAL INFORMATION 
CONTENTS 
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VISUAL/PHYSICAL UNDERHOOD INSPEC .. 6E-1 Evaporative Emission Control (EECS) . 6E-2 
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EMISSIONS. csscuvcucevssavesass GED Timing{EST) s«scuvcesecsseess GE-2 
MAINTENANCE SCHEDULE ...ccececece G6E-2 Exhaust Gas Recirculation(EGR) .... 6E-2 
VEHICLE EMISSION CONTROL Transmission Converter Clutch (TCC) . 6E-2 

INFORMATION LABEL ...2eeceeee GE-2 Positive Crankcase Ventilation(PCV) .. 6E-3 
SECTION DESCRIPTION ..cccccceccce GE-2 Thermostatic Air Cleaner(THERMAC) . 6E-3 

DriveabilitySymptoms ...2.2.ee02 GE-2 Special Tools .wececcccccccccce GE-3 

Computer Command Control (Using Abbreviations ...cccccccccccce G6E-3 


“Scan” Tool Diagnosis) e282 2 8 8 0 6E-2 COMPONENT LOCATIONS eeeoeoeneeece 6E-3 


ALL NEW “LONG LIFE” VEHICLES ARE CERTIFIED BY THE UNITED STATES ENVIRONMENTAL 
PROTECTION AGENCY AS CONFORMING TO THE REQUIREMENTS OF THE REGULATIONS FOR 
THE CONTROL OF AIR POLLUTION FROM NEW MOTOR VEHICLES. THIS CERTIFICATION IS 
CONTINGENT ON CERTAIN ADJUSTMENT BEING SET TO FACTORY STANDARDS. IN MOST 
CASES, THESE ADJUSTMENT POINTS EITHER HAVE BEEN PERMANENTLY SEALED AND/OR 
MADE INACCESSIBLE TO PREVENT INDISCRIMINATE OR ROUTINE ADJUSTMENT IN THE FIELD 
FOR THIS REASON, THE FACTORY PROCEDURE FOR TEMPORARILY REMOVING PLUGS, CAPS, 
ETC., FOR PURPOSES OF SERVICING THE PRODUCT, MUST BE STRICTLY FOLLOWED AND, 
WHEREVER PRACTICABLE, RETURNED TO THE ORIGINAL INTENT OF THE DESIGN. 


GENERAL VISUAL/PHY SICAL UNDERHOOD 


INSPECTION 
’ The 2.5 liter engine has, a Computer Command 
Control system with Electronic Control Module (ECM) One of the most important checks that must be 
to control the Throttle Body Injection (TBI) fuel done as part of any diagnostic procedure is a careful 
system. The ECM varies the air/fuel ratio. visual/physical underhood inspection. This can often 
In addition, The ECM controls the ignition timing _ lead to fixing a problem without further steps. Inspect 
system as well as other emission control systems such _all vacuum hoses for correct routing, pinches, cuts, or 
as the exhaust gas recirculation system. disconnects. Be sure to inspect hoses that are difficult 
It is important to review the emission sections and _ to see beneath the air cleaner, generator, etc. Inspect 
ECM wiring diagrams to determine what is controlled all the wires in the engine compartment for correct 
by the ECM and what systems are non-ECM and good connections, burned or chaffed spots, pinched 


controlled. wires, or contact with sharp edges or hot exhaust 
@ This section has a brief description of systems used manifolds. This visual/physical inspection is very 
to control fuel and emissions. important. It must be done carefully and thoroughly. 


@ Abbreviations that are used in Driveability and 
Emissions are listed at the end of the manual. 

@ Wiring harness service information for harnesses 
used with the ECM is also provided in the 
“COMPUTER COMMAND CONTROL” section. 

®@ Special tools used to diagnose and repair a system 
are illustrated at the end of the section. 
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BASIC ELECTRIC CIRCUITS 


You should understand the basic theory of 
electricity, and know the meaning of voltage, amps, 
and ohms. You should understand what happens in a 
circuit with an open or a shorted wire. You should be 
able to read and understand a wiring diagram. A short 
to ground is referred to as a ground to distinguish it 
from a short between wires. 


EMISSIONS 


The exhaust emission control systems used on 
General Motors engines perform a specific function to 
lower exhaust emissions while maintaining good fuel 
economy and driveability. 


MAINTENANCE SCHEDULE 


Refer to the LLV “MAINTENANCE SCHEDULE” 
in (SECTION OB) or in the Form Compartment for the 
maintenance service that should be performed to 
retain emission control performance. 


VEHICLE EMISSION CONTROL INFORMATION 
LABEL 


The Vehicle Emission control Information label 
(Figure 6E-1) contains important emission 
specification and setting procedures. In the upper left 
corner is exhaust emission information which 
identifies the year, the manufacturing division of the 
engine, the displacement in liters of the engine, the 
class of vehicle and type of fuel metering. Also there is 
an illustrated emission component and vacuum hose 
schematic. This label is located in the engine 
compartment of every LONG LIFE VEHICLE. If the 
label has been removed, it can be ordered from the 
parts division, (GRUMMAN LLY). 


SECTION DESCRIPTION 
DRIVEABILITY SYMPTOMS 


The fuel and emission driveability diagnosis 
procedures apply to various systems in LLV vehicles. 
The procedures assume that the vehicle worked right 
at one time and the problem is due to time, wear, dirt 
or other causes. Start with the ECM diagnosis and 
then to driveability symptoms. 


Computer Command Control (Using “Scan” 
Tool Diagnosis) 


This ia an electronically controlled exhaust 
emission system that uses and Electronic Control 
Module (ECM) to control fuel delivery, ignition timing, 
and exhaust gas recirculation. It also controls the 
engagement of transmission converter clutch. This 
section diagnoses the system with the use of a “Scan” 
tool. 


Fuel Control System 


The ECM controls the air/fuel delivery to the 
combustion chamber by controlling the fuel flow 
through the injector. The ECM also controls idle 
speed. The in-tank fuel pump is controlled by the 
LCM. When ignition is turned “ON,” the pump will 
run for 2 seconds, then stop unless the engine is 
cranking or running. 


Evaporative Emission Control (EECS) 


This system has a canister which stores fuel vapor 
from the fuel tank. The fuel vapor is removed from the 
canister and consumed in the normal combustion 
process when the engine is running. This system is not 
controlled by the ECM. 


Ignition/Electronic Spark Timing (EST) 


This system is controlled by the ECM which 
controls ignition timing. 


Exhaust Gas Recirculation (EGR) 


The EGR system uses a valve to feed a small 
amount of exhaust gas back into the intake manifold 
to control formation of NOx. This system is controlled 
by the ECM. 


Transmission Converter Clutch (TCC) 


The TCC is ECM controlled and is used on all 
engines with a 3L30 (THM 180C) automatic 
transmission. This system reduces slippage losses in 
the torque convertor by coupling the engine flywheel 
to the output shaft of the transmission. 


Positive Crankcase Ventilation (PCV) 


The PCV system passes crankcase vapors into the 
intake manifold. This system is not controlled by the 
ECM. 


Thermostatic Air Cleaner (THERMAC) 


The THERMAC system regulates heated air 
through the air cleaner to provide uniform inlet air 
temperature which gives good driveability under 
various climatic conditions. This system is not 
controlled by the ECM. 


Special Tools 
' Refer to this section for special tools and 


equipment needed to diagnose the fuel control and 
emission systems. 
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Abbreviations 


Refer to this section for abbreviations used in this 
manual. 


Component Locations 


There are many component systems used to control 
fuel and emissions. Each system is described in a 
section which includes general description of the 
system, diagnosis and on-vehicle service. Component 
locations are illustrated in Figure 6E-2. The 
“Component Location” view shows all emission 
systems that are used on the 2.5L LLV. 
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. 


EMISSION COMPONENT 
AND VACUUM HOSE SCHEMATIC 


ENGINE ADJUSTMENT ENGINE SIZE 
SPECIFICATIONS 


ADJUSTMENT 
PROCEDURE 


AREA OF CERTIFICATION 


EXHAUST EMISSION SYSTEM 
M GR25T5 TEG 5 


CHECK SUM DIGIT 
DIVISION 
GR = GRUMMAN Engine Family Suffix Code 
(Describe Emission System) 
DISPLACEMENT 
LITERS - LARGEST 


V = Gasoline Vehicle FUEL METERING] LCATALYST DESIGNATOR 
IF MORE THAN ONE! | w = Calif. Std. Gasoline Vehicle Sa 


T = Gasoline Truck $ = Tale ey 
D = Diesel Vehicle 7 = MFi 

E = 100K Calif. Std. Diesel Vehicle 8 = PFI 

K = Diesel Truck 


zerxurx 
puunut 


VEHICLE CLASS AND STANDARDS 


“ALWAYS REFER TO THE VEHICLE EMISSION CONTROL INFORMATION LABEL 10-17-90 
FOR CORRECT AND MOST CURRENT SPECIFICATIONS”. MS 10863 
Figure 6E-1 - Vehicle Emission Control Information Label 
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SERIES (LLV) RPO:LN8/L38 ENGINE CODE:E/A 2. 5. LA 


[_] COMPUTER COMMAND 


C1 
C2 
C3 
4.) 
C6 
c8 


2 Exhaust Gas Recirculation Vacuum Solenoid 


CONTROL 

Electronic Control Module (ECM) 
ALDL diagnostic connector 
“Check Engine” light 

ECM harness ground 

Fuse panel 

Fuel pump test connector 


ECM CONTROLLED 
COMPONENTS 

Fuel injector 

Idle Air Control 

Fuel Pump relay 


O ECM INFORMATION : ; EMISSION COMPONENTS 


A 
B 
C 
D 
F 
G 


T 


SENSORS (NOT ECM CONTROLLED) 
Manifold Absolute Pressure (MAP) N1. Crankcase vent valve (PCV) YEAR VIN 
Exhaust Oxygen “H” ONLY 

Throttle Position Sensor (TPS) N2 Crankcase vent valve (PCV) or 

Coolant Temperature Sensor (CTS) Crankcase vent tube assembly 

Vehicle Speed Sensor (VSS) N15 Fuel Vapor Canister 

Power Steering Pressure Switch 

(PSPS) 

Intake Air Temperature (IAT) (MAT) 


Transmission Converter Clutch (TCC) Connector 


Electronic Spark Timing Distributor (EST) 


Oil Pressure Switch 


* Mounted to engine cover in operators compartment 


Figure 6E-2 - Component Locations 


11-26-90 
MS 10864-6E 
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6E-8 FUEL AND EMISSION CONTROL 


IMPORTANT PRELIMINARY CHECKS 


Before using this section you should have performed the “Diagnostic Circuit Check.” 

Verify the customer complaint, and locate the correct symptom below. Check the items indicated 
under that symptom. 

If the ENGINE CRANKS BUT WILL NOT RUN, use CHART A-3 in “Computer Command 
Control” section. 

Several of the following symptom procedures call for a careful visual/physical check. 


The importance of this step cannot be stressed too strongly - it can lead to correcting a problem 
without further checks and can save valuable time. 


BEFORE STARTING 


This check should include: 
ECM grounds for being clean, tight, and in their proper location. See “General Information” 
section for location. 
Vacuum hoses for splits, kinks and proper connections, as shown on “Vehicle Emission Control 
Information” label. Check thoroughly for any type of leak or restriction. 
Air leaks at throttle body mounting area and intake manifold sealing surfaces. 
Ignition wires for cracking, hardness, proper routing and carbon tracking. 
Wiring for proper connections, pinches, and cuts. 
If wiring harness or connector repair is necessary, refer to the “On-Vehicle Service” in “Computer 
Command Control” section for correct procedure. 
The following symptom charts contain groups of possible causes for each symptom. These 
procedures are not necessarily meant to be done in consecutive order. If “Scanner” readings do 


not indicate the problems, then proceed in a logical order, easiest to check or most likely cause 
first. 
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INTERMITTENTS 
(Page 1 of 2) 


Definition: Problem may or may not turn “ON” the 
“Check Engine” light, or store a code. 


PRELIMINARY CHECKS 


@ Perform the careful visual/physical checks as described at start of “Driveability Symptoms” 
section. 


DIAGNOSTIC CODE CHARTS IN “COMPUTER COMMAND CONTROL” SECTION. 


DO NOT use the Diagnostic Code Charts in “Computer Command Control” section for 
intermittent problems. The fault must be present to locate the problem. Ifa fault is intermittent, 
use of diagnostic code charts may result in replacement of good parts. 


FAULTY ELECTRICAL CONNECTIONS OR WIRING 


Most intermittent problems are caused by faulty electrical connections or wiring. Perform careful 
check of suspect circuits for: 
Poor mating of the connector halves, or terminals, not fully seated in the connector body 
(backed out). 
Improperly formed or damaged terminals. All connector terminals in problem circuit should 
be carefully reformed or replaced to insure proper contact tension. 
Poor terminal to wire connection. This requires removing the terminal from the connector 
body to check. See “On-Vehicle Service” in “Computer Command Control” section for wiring 


harness service. 


ROAD TEST 


If a visual/physical check does not find the cause of the problem, the vehicle can be driven with a 
voltmeter connected to a suspected circuit or a “Scan” tool may be used. An abnormal voltage or 
“Scan” reading, when the problem occurs, indicates the problem may be in that circuit. If the 
wiring and connectors check OK, and a diagnostic code was stored for a circuit having a sensor, 
except for Codes 44 and 45, replace sensor. 
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INTERMITTENTS 
(Page 2 of 2) 


Definition: Problem may or may not turn “ON” 
the “Check Engine” light, or store a 
code. 


INTERMITTENT “CHECK ENGINE” LIGHT 


@ An intermittent “Check Engine” light, and No Diagnostic Codes, may be caused by: 

- Electrical system interference caused by a defective relay; ECM driven solenoid, or switch. 
They can cause a sharp electrical surge. Normally, the problem will occur when the faulty 
component is operated. 

- Improper installation of electrical devices, such as lights, 2-way radios, electric motors, etc. 

- EST wires should be routed away from spark plug wires, ignition system components and 
generator. Wire for CKT 453 from ECM to ignition system should be a good ground. 

- Ignition secondary shorted to ground. 

- CKT 419 (“Check Engine” light) or CKT 451 (diagnostic “test” terminal) intermittently 
shorted to ground. 

- ECM grounds. See “General Information” section for location. 


LOSS OF DIAGNOSTIC CODE MEMORY 


@ Tocheck, disconnect TPS and idle engine until “Check Engine” light comes “ON.” Code 22 should 


be stored, and kept in memory when the ignition is turned “OFF” for at least 10 seconds. If not, 
the ECM is faulty. 
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HARD START 


(Page 1 of 2) 
Definition: Engine cranks OK, but does not start 
for a long time. Does eventually run, 
or may start but immediately dies. 


PRELIMINARY CHECKS 


Perform the careful visual/physical checks as described at start of “Driveability Symptoms” 
section. 


SENSORS 


: Coolant Temperature Sensor (CTS) - Using a “Scan” tool, compare coolant temperature 
with ambient temperature on a cold engine. 

- If coolant temperature reading is 5 degrees greater than or less than ambient air 
temperature on a cold engine, check for high resistance in coolant sensor circuit or 
sensor itself. Compare resistance value to the “Diagnostic Aids” chart in Code 15 
chart. 

: Throttle Position Sensor (TPS) - If a sticking throttle shaft or binding linkage causes a 
high TPS voltage (open throttle indication), the ECM will not control idle. Monitoring 
TPS voltage. A “Scan” tool and/or voltmeter should read less than 1.25 volts with 
throttle closed. See “Fuel Control System” section. 


FUEL SYSTEM 


NOTICE: Fuel pump relay operation - pump should turn “ON” for 2 seconds when ignition is 
turned “ON.” Use CHART A-5 in “Computer Command Control” section. 

CHECK: Fuel Pressure, use CHART A-6 in “Computer Command Control” section. 

CHECK: For water contaminated fuel. 

‘CHECK: For a faulty in-tank fuel pump check valve, which would allow the fuel in the lines to 
drain back to the tank after the engine is stopped. To check for this condition: 
1. Ignition “OFF.” 
2. Disconnect fuel line at the filter. See “Fuel Control System” section. 
3. Remove the tank filler cap. 
4. Connect a radiator test pump to the fuel line and apply 103 kPa (15 psi) pressure. If 

the pressure will hold for 60 seconds, the check valve is OK. 
: Fuel pump relay - Connect test light between fuel pump “test” terminal and ground. 

Light should be “ON” for 2 seconds following ignition “ON.” If not, refer to CHART A-5 
in “Computer Command Control” section. 


6E-12 FUEL AND EMISSION CONTROL 


HARD START 


(Page 2 of 2) 
Definition: Engine cranks OK, but does not start 
for a long time. Does eventually run, 
or may start but immediately dies. 


IGNITION SYSTEM 


: Ignition system for: 
- Proper ignition voltage output with spark tester J 26792 or equivalent (ST-125). 
- Spark plugs, wet plugs, cracks, wear, improper gap, burned electrodes or heavy 
deposits. 
Bare and shorted wires. 
Moisture in distributor cap. 
Worn distributor shaft. 
Pickup coil resistance and connections. 
Loose ignition coil connections. 
: CKT 423 (EST) for short to ground. 


ADDITIONAL CHECKS 


: IAC operation - see Code 35 in “Computer Command Control” section, and “Diagnosis” 
in “Fuel Control System” section. 

: Nocrank signal - see “Computer Command Control” section. 

: EGR operation - see “Exhaust Gas Recirculation (EGR) System” section. 

: Service Bulletins for MEM-CAL updates. 


FUEL AND EMISSION CONTROL 6E-13 


SURGES AND/OR CHUGGLES 


Definition: Engine power variation, under steady 
throttle or cruise. Feels like the vehicle 
speeds up and slows down, with no 
change in the accelerator pedal. 


PRELIMINARY CHECKS 


Perform the careful visual/physical checks as described at start of “Driveability Symptoms” 
section. 

Be sure driver understands Torque Converter Clutch (TCC) operation in owner’s manual. 

Use a “Scan” tool to make sure reading of VSS matches vehicle speedometer. See “Diagnostic 
Aids,” in Code 24 in “Computer Command Control” section. 


SENSORS 


Oxygen (Og) sensor for silicon contamination from fuel, or use of improper RTV sealant. 
The sensor may have a white, powdery coating and result in a high but false signal 
voltage (rich exhaust indication). The ECM will then reduce the amount of fuel 
delivered to the engine, causing a severe driveability problem. 


FUEL SYSTEM 


NOTICE: To determine if the condition is caused by a rich or lean system, the vehicle should be 


driven at the speed of the complaint. Monitoring block learn will help identify a 
problem. 
Lean - Block learn greater than 150. Refer to “Diagnostic Aids” on facing page of Code 
44, 
Rich - Block learn less than 115. Refer to “Diagnostic Aids” on facing page of Code 45. 

: Fuel pressure while condition exists, use CHART A-6 in “Computer Command Control” 
section. 

: In-line fuel filter. Replace if dirty or plugged. See CHART A-6 in “Computer Command 


Control” section. 


IGNITION SYSTEM 


: For proper ignition voltage output voltage using spark tester J 26792 or equivalent 
(ST-125). 

: Spark plugs. Remove spark plugs, check for wet plugs, cracks, wear, improper gap, 
burned electrodes, or heavy deposits. Repair or replace as necessary. 

: Ignition timing. See “Vehicle Emission Control Information” label. 


ADDITIONAL CHECKS 


: ECM grounds for being clean, tight, and in their proper locations. 

: Generator output voltage. Repair if less than 9 or more than 16 volts. 

: Vacuum lines for kinks or leaks. 

: For intermittent EGR. See “Exhaust Gas Recirculation (EGR) System” section. 
: TCC operation. See “Automatic Transmission Controls” section. 


6E-14 FUEL AND EMISSION CONTROL 


LACK OF POWER, SLUGGISH, OR SPONGY 
(Page 1 of 2) 


Definition: Engine delivers less than expected power. 
Little or no increase in speed, when 
accelerator pedal is pushed down part way. 


PRELIMINARY CHECKS 


Perform the careful visual/physical checks as described at start of ey Symptoms” 
section. 

Compare vehicle to similar unit. Make sure the vehicle has an actual problem. 

Remove air filter and check air filter for dirt, or for being plugged, replace as necessary. 
Transmission shift pattern and down shift operation. 


FUEL SYSTEM 


For contaminated fuel. 


For restricted fuel filter, contaminated fuel or improper fuel pressure, use CHART A-6 in 
” Bee Command Control” section. 


IGNITION SYSTEM 


: Proper ignition voltage output with spark tester J 26792 or equivalent (ST-125). 
: Ignition timing. See “Vehicle Emission Control Information” label. 
: Proper operation of EST. Refer to “Ignition System/EST” section. 


EXHAUST SYSTEM 


: Exhaust System for possible restriction: see “Computer Command Control” section. 
Inspect exhaust system for damaged or collapsed pipes. Inspect muffler for heat distress 
or possible internal failure. 

1. With engine at normal operating temperature, connect a vacuum gage to any 
convenient vacuum port on intake manifold. 
Run engine at 1000 rpm and record vacuum reading. 
Increase rpm slowly to 2500 rpm. Note vacuum reading at steady 2500 rpm. 
If vacuum at 2500 rpm decreases more than 3” Hg, from reading at 1000 rpm, the 
exhaust system should be inspected for restrictions. 
Disconnect exhaust pipe from engine and repeat Steps 3 & 4. If vacuum still drops 
more than 3” Hg, with exhaust disconnected, check for exhaust manifold restriction 
and valve timing. 


FUEL AND EMISSION CONTROL 6E-15 


LACK OF POWER, SLUGGISH, OR SPONGY 
(Page 2 of 2) 


Definition: Engine delivers less than expected power. 
Little or no increase in speed, when 
accelerator pedal is pushed down part way. 


ADDITIONAL CHECKS 


: ECM grounds for being clean, tight, and in their proper location. Refer to “General 
Information” section. 

: EGR operation for being open or partly open all the time. See “Exhaust Gas 
Recirculation (EGR) System” section. 

: Torque Converter Clutch (TCC) operation. Refer to “Automatic Transmission Controls 


section. 
: Generator output voltage. Repair if less than 9 or more than 16 volts. 


” 


ENGINE MECHANICAL 


: Engine compression. Refer to ENGINE MECHANICAL DIAGNOSIS (SECTION 6A1). 


: Engine valve timing. Refer to On-Vehicle Service. 
: Engine for proper or worn camshaft. Refer to ENGINE MECHANICAL DIAGNOSIS 


(SECTION 6A). 


6E-16 FUEL AND EMISSION CONTROL 5 


DETONATION/SPARK KNOCK 


(Page 1 of 2) 


Definition: A mild to severe ping, usually worse under 
acceleration. The engine makes sharp metallic 
knocks that change with throttle opening. 


PRELIMINARY CHECKS 


Perform the careful/physical visual checks as described at start of “Driveability Symptoms” 


section. 


Make sure the vehicle has an actual problem. 


Park/Neutral (P/N) switch. Be sure “Scan” indicates drive with gear selector in drive. See 
“Computer Command Control” section. 


COOLING SYSTEM 


: For obvious over heating problems. Refer to COOLING AND RADIATOR (SECTION 


6B). 


: Low engine coolant. 

: Loose water pump belt - pie 
: Restricted air flow to radiator, or restricted coolant flow. 
: Faulty or incorrect thermostat. 


: Correct coolant solution - should be a 50/50 mix of GM #1052103 anti-freeze coolant (or 
equivalent) and water. 


SENSOR 


: Coolant Temperature Sensor (CTS), which has shifted in value. 


NOTICE: 


Compare CTS resistance to the “Diagnostic Aids” on Code 15 chart. 


FUEL SYSTEM 


To determine if the condition is caused by a lean system, the vehicle should be driven at 
the speed of the complaint. Monitoring block learn will help identify the problem. 

Lean - Block learn greater than 150. Refer to “Diagnostic Aids” on facing page of 
Code 44. 


: Fuel pressure, use CHART A-6 in “Computer Command Control” section. 
: For poor fuel quality, proper octane rating. 


If “Scan” tool readings are normal and there are no engine mechanical faults, fill fuel 
tank with a premium gasoline that has a minimum octane rating of 92 and re-evaluate 
vehicle performance. 


FUEL AND EMISSION CONTROL 6E-17 


DETONATION/SPARK KNOCK 
(Page 2 of 2) 


Definition: A mild to severe ping, usually worse under 
acceleration. The engine makes sharp metallic 
knocks that change with throttle opening. 


IGNITION SYSTEM 


: Spark plugs for proper heat range. 
: Ignition timing. See “Vehicle Emission Control Information” label. 


ENGINE MECHANICAL 


: For carbon buildup. Remove carbon with top engine cleaner. Follow instructions on can. 
: For incorrect basic engine parts such as cam, heads, pistons, etc. 
: For excessive oil entering combustion chamber. 


ADDITIONAL CHECKS 


: Proper operation of EGR valve. 
: Proper operation of Thermac. See “Thermostatic Air Cleaner (THERMAC)” section. 
: For proper transmission shift points. Refer to AUTOMATIC TRANSMISSION 


DIAGNOSIS (SECTION 7A) of appropriate service manual. 
: Torque Converter Clutch (TCC) operation. See “Automatic Transmission Controls” 


section. 
: For correct MEM-CAL (see Service Bulletins). 


6E-18 FUEL AND EMISSION CONTROL 


HESITATION, SAG, STUMBLE 


Definition: Momentary lack of response as the accelerator is 
pushed down. Can occur at any vehicle speed. 
Usually most severe when first trying to make 
the vehicle move, as from a stop sign. May cause 
the engine to stall if severe enough. 


PRELIMINARY CHECKS 


Perform the careful visual/physical checks as described at start of “Driveability Symptoms” 
section. 


FUEL SYSTEM 


: Fuel pressure. See “Computer Command Control” section. 
: Throttle Position Sensor (TPS) - Check TPS for binding or sticking. Voltage should 
increase at a steady rate as throttle is moved toward Wide Open Throttle (WOT). 


: MAP sensor response and accuracy. Use MAP Output Check in “Computer Command 
Control” section. 


: Water/Contaminated fuel. 
: Canister purge system for proper operation. See “Evaporative Emission Control System 


(EECS)” section. 


IGNITION SYSTEM 


: Spark plug wires for being faulty. 

: Spark plugs for being fouled. 

: Open ignition system ground, CKT 453. See “Ignition System/EST” section. 
: Ignition timing. See “Vehicle Emission Control Information” label. 


ADDITIONAL CHECKS 


: For correct MEM-CAL (see Service Bulletins). 
: Generator output voltage. Repair, if less than 9 or more than 16 volts. 
: EGR valve operation. See “Exhaust Gas Recirculation (EGR) System” section. 


FUEL AND EMISSION CONTROL 6E-19 


CUTS OUT, MISSES 


Definition: Steady pulsation or jerking that follows engine speed, 
usually more pronounced as engine load increases. The 
exhaust has a steady spitting sound at idle or low speed. 


PRELIMINARY CHECKS 


@ Perform the careful visual checks as described at start of “Driveability Symptoms” section. 


IGNITION SYSTEM 


@ CHECK: For cylinder miss by: 
1. Start engine, allow engine to stabilize then disconnect IAC motor. Remove one spark 


plug wire at a time, using insulated pliers. 


CAUTION: Do not perform this test for more than 2 minutes, as this may cause 
damage to the catalytic converter. 


2. If there is an rpm drop, on all cylinders, (equal to within 50 rpm), go to “Rough, 
Unstable Or Incorrect Idle, Stalling” symptom. Reconnect IAC motor with ignition 
“OFF.” 

If there is no rpm drop on one or more cylinders, or excessive variation in drop, check 
for spark, on the suspected cylinder(s) with J 26792 (ST-125) Spark Tester or 
equivalent. If no spark, see “Ignition System/EST” section. If there is spark, remove 


spark plug(s) in these cylinders and check for: 
- Insulation Cracks. 
- Wear. 
- Improper Gap. 
- Burned Electrodes. 
- Heavy Deposits. 
@ CHECK: Spark plug wire resistance (should not exceed 30,000 ohms), also, check rotor and 
distributor cap. 


@ NOTICE: If the previous checks did not find the problem: 
Visually inspect ignition system for moisture, dust, cracks, burns, etc. With engine 


running spray plug wires with fine water mist to check for shorts. 


FUEL SYSTEM 


: Fuel Pressure, use CHART A-6 in “Computer Command Control” section. 
: For contaminated fuel or restricted fuel filter. 


ENGINE MECHANICAL 


: For proper valve timing. Remove rocker cover. Check for bent pushrods, worn rocker 
arms, broken or weak valve springs, worn camshaft lobes. Repair as necessary. Refer to 
DIAGNOSIS and ON- VEHICLE SERVICE (SECTION 6A1). 

: Low compression. Perform compression check. Refer to ENGINE MECHANICAL 
DIAGNOSIS (SECTION 6A1). 

: Intake and exhaust manifold passages for casting flash. 


6E-20 FUEL AND EMISSION CONTROL 


POOR FUEL ECONOMY 


Definition: Fuel economy, as measured by an actual 
road test, is noticeably lower than expected. 
Also, economy is noticeably lower than it 
was on this vehicle at one time, as 
previously shown by an actual road test. 


PRELIMINARY CHECKS 


Perform the careful visual/physical checks as described at start of “Driveability Symptoms,” 
section. 

Check air cleaner element (filter) for dirt or being plugged. 

Visually (physically) check: Vacuum hoses for splits, kinks, and proper connections as shown on 
“Vehicle Emission Control Information” label. 

Perform “Diagnostic Circuit Check.” 

Check driver’s driving habits. 

- Are tires at correct pressure? 

- Areexcessively heavy loads being carried? 

-  Isacceleration too much, too often? 


FUEL SYSTEM 


: Fuel type, quality and alcohol content. 
: Fuel pressure. Use CHART A-6 in “Computer Command Control” section. 


IGNITION SYSTEM 


: Spark plugs. Remove spark plugs, check for wet plugs, cracks, wear, improper gap, 
burned electrodes, or heavy deposits. Repair or replace as necessary. 

: Ignition wires for cracking, hardness, and proper connections. 

: EST system for proper operation. Refer to “Ignition System/EST” section. 

: Ignition timing. See “Vehicle Emission Control Information” label. 


COOLING SYSTEM 


: Engine coolant level. 


: Engine thermostat for faulty part (always open) or for wrong heat range. Refer to 
ENGINE COOLING (SECTION 6B1). 


ADDITIONAL CHECKS 


: Transmission shift pattern. 

: TCC Operation - Use “Automatic Transmission Controls” section. A “Scan” tool should 
indicate an rpm drop when the TCC is commanded “ON.” 

: For proper calibration of speedometer. 

: For dragging brakes. 


Perform 
section. 


FUEL AND EMISSION CONTROL 6E-21 


ROUGH, UNSTABLE OR INCORRECT IDLE, STALLING 
(Page 1 of 2) 


Definition: The engine runs unevenly at idle. If bad enough, the 
vehicle may shake. Also, the idle may vary in rpm (called 
“hunting”). Either condition may be severe enough to cause 
stalling. Engine idles at incorrect speed. 


PRELIMINARY CHECKS 


the careful visual/physical checks as described at start of “Driveability Symptoms” 


SENSORS 


: Oxygen (O02) sensor - Inspect sensor for silicon contamination from fuel, or use of 


improper RTV sealant. The sensor will have a white, powdery coating, and will result in 
a high but false signal voltage (rich exhaust indication). The ECM will then reduce the 
amount of fuel delivered to the engine, causing a severe driveability problem. 


: Throttle Position Sensor (TPS) - If a sticking throttle shaft or binding linkage causes a 


high TPS voltage (open throttle indication), the ECM will not control idle. Monitor TPS 
voltage. A “Scan” tool and/or voltmeter should read less than 1.25 volts with throttle 
closed. See “Fuel Control System” section. 


: Coolant Temperature Sensor (CTS) - Using a “Scan” tool compare coolant temperature 


with ambient temperature on a cold engine. 

- If coolant temperature reads 5 degrees greater than or less than ambient air 
temperature. Check for high resistance in coolant sensor circuit or sensor itself. 
Compare resistance value to “Diagnostic Aid” Code 15 chart. 


: MAP sensor response and accuracy - Refer to MAP Output Check in “Computer 


NOTICE: 


Command Control” section. 


FUEL SYSTEM 


To determine if the condition is caused by a rich or lean system, the vehicle should be 
driven at the speed of the complaint. Monitoring block learn will help identify problem. 
Lean - Block learn greater than 150. Refer to “Diagnostic Aids” on facing page of 


Code 44. 
Rich - Block learn less than 115. Refer to “Diagnostic Aids” on facing page of Code 45. 


: Evaporative Emission Control System, see “Evaporative Emission Control System” 


section. 


: Perform a cylinder compression check. See ENGINE MECHANICAL DIAGNOSIS 


(SECTION 6A). 


: For injector leaking. Check fuel pressure, use CHART A-6 in “Computer Command 


Control” section. 


IGNITION SYSTEM 


: Ignition System. Refer to “Ignition System/EST” section. 
: Ignition Timing. See “Vehicle Emission Control Information” label. 


6E-22 FUEL AND EMISSION CONTROL 


Definition: 


ROUGH, UNSTABLE OR INCORRECT IDLE, STALLING 


The engine runs unevenly at idle. 
vehicle may shake. Also, the idle may vary in rpm (called 
“hunting”). Either condition may be severe enough to cause 
stalling. Engine idles at incorrect speed. 


: Vacuum leaks can cause higher than normal idle and low IAC counts. 
@ CHECK: 


@ CHECK: 
@ CHECK: 


@ CHECK: 
@ CHECK: 


@ CHECK: 
@ CHECK: 


: For broken motor mounts. 
: For low compression See ENGINE MECHANICAL DIAGNOSIS (SECTION 6A). 


(Page 2 of 2) 
If bad enough, the 


ADDITIONAL CHECKS 


IAC operation - See Code 35 in “Computer Command Control” section and “Diagnosis” in 
“Fuel Control System” section. 

ECM grounds for clean, tight, and proper routing. See “General Information” section. 
P/N switch circuit. See “Computer Command Control” section, or use “Scan” tool, and be 
sure tool indicates vehicle is in drive with gear selector in drive or overdrive. 

EGR “ON,” while idling, will cause roughness, stalling and hard starting. See “Exhaust 
Gas Recirculation (EGR) System” section. 

Battery cables and ground straps should be clean and secure. Erratic voltage will cause 
IAC to change its position, resulting in poor idle quality. 

IAC valve will not move, if system voltage is below 9 or greater than 16 volts. 

PCV valve (if equipped) for proper operation by placing finger over inlet hole in valve 
end several times. Valve should snap back. If not, replace valve. See “Positive 
Crankcase Ventilation (PCV)” section. 


ENGINE MECHANICAL 


FUEL AND EMISSION CONTROL 6E-23 


EXCESSIVE EXHAUST EMISSIONS OR ODORS 


Definition: Vehicle fails an emission test. Vehicle has 
excessive “rotten egg” smell. Excessive odors do not 
necessarily indicate excessive emissions. 


PRELIMINARY CHECKS 


Perform “Diagnostic Circuit Check.” 

If EMISSION TEST shows excessive CO and HC check items which cause vehicle to run RICH. 
(Block Learn Memory (BLM) less than 115) refer to “Diagnostic Aids” on facing page of Code 45. 
Make sure engine is at normal operating temperature. 

If EMISSION TEST shows excessive NOx check items which cause vehicle to run LEAN or too 


hot. 


NOTICE: 


NOTICE: 


CHECK: 
CHECK: 
NOTICE: 
CHECK: 


SENSORS 


If the “Scan” tool indicates a very high coolant temperature and the system is running 
LEAN: Check the Cooling System and Cooling Fan for proper operation. 


FUEL SYSTEM 


If the system is running rich, (block learn less than 115), refer to “Diagnostic Aids” on 
facing page of Code 45. If the system is running lean, (block learn greater than 150), 


refer to “Diagnostic Aids” on facing page of Code 44. 

For properly installed fuel cap. 

Fuel pressure, use CHART A-6 in “Computer Command Control” section. 

If test shows excessive NOx, check items which cause car to run LEAN or too hot. 
Canister for fuel loading, see “Evaporative Emission Control System (EECS)” section. 


IGNITION SYSTEM 


: Ignition system. See “Ignition System/EST” section. 
: For incorrect timing or excessive advance. See “Vehicle Emission Control Information” 


label. 


: Spark plugs, plug wires, and ignition components. Refer to ENGINE ELECTRICAL 


(SECTION 6D). 


ADDITIONAL CHECKS 


: For vacuum leaks. 
: For lead contamination of catalytic converter (look for the removal of fuel filler neck 


restrictor). 


: Carbon build-up. Remove carbon with top engine cleaner. Follow instructions on can. 
: EGR valve for not opening. See “Exhaust Gas Recirculation (EGR) System” section. 
: PCV valve (if equipped) for being plugged, stuck, or blocked PCV hose, or fuel in the 


crankcase. See “Positive Crankcase Ventilation (PCV)” section. 


: For presence of fuel in crankcase. 
: For correct MEM-CAL (calibrator) (see Service Bulletins). 


6E-24 FUEL AND EMISSION CONTROL 


DIESELING, RUN-ON 


Definition: Engine continues to run after key is 
turned “OFF,” but runs very roughly. 
If engine runs smoothly, check 
ignition switch and adjustment. 


PRELIMINARY CHECKS 


@ Perform the careful visual/physical checks as described at start of “Driveability Symptoms” 
section. 


FUEL SYSTEM 


@ CHECK: Evaporative system and fuel tank venting. 
@ CHECK: Injector for leaking. Apply 12 volts to fuel pump “test” terminal to turn “ON” fuel pump 


and pressurize fuel system. Visually check injector and TBI assembly for fuel leakage. 
Refer to “Fuel Control System” section. 


FUEL AND EMISSION CONTROL 6E-25 


BACKFIRE 


Definition: Fuel ignites in intake manifold, or 
in exhaust system, making a loud 
popping noise. 


PRELIMINARY CHECKS 


Perform the careful visual/physical checks as described at start of “Driveability Symptoms” 
section. 


IGNITION SYSTEM 


: Proper ignition coil output voltage with spark tester J 26792 or equivalent (ST-125). 

: Spark plugs. Remove spark plugs, check for wet plugs, cracks, wear, improper gap, 
burned electrodes, or heavy deposits. Repair or replace as necessary. 

: Ignition system. See “Ignition System/EST” section. 

: For crossfire between spark plugs (distributor cap, spark plug wires, and proper routing 
of plug wires.) Refer to ENGINE ELECTRICAL (SECTION 6D) of appropriate service 


manual. 
: Ignition timing. See “Vehicle Emission Control Information” label. 


ENGINE MECHANICAL 


: Compression. Perform acompression check - look for sticking or leaking valves. Refer to 
ENGINE MECHANICAL DIAGNOSIS (SECTION 6A1). 

: Valve timing. 

: Intake manifold gasket for vacuum leaks. 

: EGR operation for being open all the time. See “EGR System Check.” 

: Intake and exhaust system for casting flash or other restrictions. 


6E-26 FUEL AND EMISSION CONTROL 


BLANK 


FUEL AND EMISSION CONTROL 6E-27 


COMPUTER COMMAND CONTROL 
(USING “SCAN” TOOL DIAGNOSIS) 
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6E-28 FUEL AND EMISSION CONTROL 


GENERAL DESCRIPTION 


The Computer Command Control System has a 
computer (Electronic Control Module) to control the 
fuel delivery, ignition timing, some emission control 
systems and engagement of the transmission 
converter clutch. 

The system, through the Electronic Control 
Module (ECM), monitors a number of engine and 
vehicle functions (Figure 6E-3) and controls the 
following operations: 

@ Fuel Control. 

@ Ignition/Electronic Spark Timing. 
@ Exhaust Gas Recirculation. 

@ Transmission Converter Clutch. 


ALDL Connector 


The Assembly Line Diagnostic Link (ALDL) is 
wired to the ECM and is located under the instrument 
panel. 

The connector has terminals that are used to 
diagnose the system either with jumper wires or a 
“Scan” tool. The following terminals are used: 

A- This terminal provides a ground circuit to other 
terminals. 
B- This terminal is the “diagnostic terminal” for the 

ECM. When grounded to “A” terminal, the 

“CHECh ENGINE” light will flash codes (key 


OPERATING CONDITIONS SENSED 


Engine Coolant “Temperature” 
Engine Crank Signal 

Exhaust Oxygen(0,) Sensor 
Distributor Reference 

- Crankshaft Position 

- Engine Speed (RPM) 


Manifold Absolute Pressure (MAP) 
Park/Neutral (P/N) Switch Position 
System Voltage 

Throttle Position Sensor (TPS) 

Vehicle Speed (VSS) 

Fuel Pump Voltage 

Power Steering Pressure Switch (PSPS) 
EGR Vacuum 

Intake Air Temperature (IAT) (MAT) 


ELECTRONIC i 
(ENGINE) Z 
CONTROL 
MODULE 

(ECM) 7 


Figure 6E-3 - Computer Command Control System 


“ON” and engine “OFF”) entering the Diagnostic 

Mode or flashes a Field Service Mode (engine 

running) to determine if system is in a “Closed” or 

“Open Loop” operation. 

F- This terminal is used to diagnose the TCC system 
and is wired to the ground side of the TCC 
Solenoid. 

M- This terminal is the serial data line for the 2.5L 
engines and is used by the “Scan” tool to read 
various system data information. 

With the key “ON” and the engine “OFF,” jumper 
ALDL terminals “B” to “A”. The “Check Engine” light 
will flash Code 12 to indicate that the diagnostic 
system is working. Code 12 consists of “one flash” 
followed by a pause and then “two flashes” the code 
will repeat for a total of three times and will continue 
to repeat if there are no other codes stored. If Code 12 
does not display, refer to CHART A-2. 


Wiring Harness and Connectors 


A wiring harness electrically connects the ECM to 
various sensor, solenoid and relays within the system. 
Many connectors in the engine compartment are 
environmentally protected because of the systems low 
voltages and current levels. 


SYSTEMS CONTROLLED 


Air Management 

Exhaust Gas Recirculation (EGR) 
Electronic Spark Timing (EST) 
Fuel Control 

Idle Air Control (IAC) 
Electric Fuel Pump 
Transmission Converter Clutch (TCC) 
Diagnostics 

“Check Engine” Light 

- Diagnostic Terminal (ALDL) 
- Data Output (ALDL) 


10-15-90 
MS 10872 


TERMINAL IDENTIFICATION 


[F] tcc. 
[m] SERIAL DATA 


(SEE SPECIAL TOOLS) 


[a] Grounp 


DIAGNOSTIC TERMINAL 


Figure 6E-4 - ALDL Connector 
Information Sensors 


In addition to the ECM, the Computer Command 
Control System has the following information sensors: 
Oxygen sensor. 

Coolant sensor. 

Throttle position sensor. 

Manifold absolute pressure sensor. 
Vehicle speed sensor. 

Manifold temperature sensor. 

and the following input signals: 

@ Park/neutral switch signal. 

@ Crank signal. 

e@ Distributor reference signal. 

@ Power steering pressure switch signal. 


Electrostatic Discharge Damage 


Electronic components used in control systems are 
often designed to carry very low voltage, and are very 
susceptible to damage caused by electrostatic 
discharge. It is possible for less than 100 volts of static 
electricity to cause damage to some electronic 
components. By comparison, it takes as much as 4,000 
volts for a person to even feel the zap of a static 
discharge. 

There are several ways for a person to become 
statically charged. The most common methods of 
charging are by friction and by induction. An example 
of charging by friction is a person sliding across a car 
seat, in which a charge of as much as 25,000 volts can 
build up. Charging by induction occurs when a person 
with well insulated shoes stands near a highly charged 
object and momentarily touches ground. Charges of 
the same polarity are drained off, leaving the person 
highly charged with the opposite polarity. Static 
charges of either type can cause damage, therefore, it 
is important to use care when handling and testing 
electronic components. 
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NOTICE: To prevent possible Electrostatic 

Discharge damage: 

@ Do not touch the ECM connector pins or 
soldered components on the ECM circuit board. 

@ When handling a PROM, CAL-PAK or MEM- 
CAL (calibrator), Do Not touch the component 
leads, and Do Not remove integrated circuit 
from carrier. 

@ Besure to follow the guidelines listed below if 
servicing any of these electronic components. 

1. Do not open the replacement part package 
until it is time to install the part. 

2. Avoid touching electrical terminals of the part. 

3. Before removing the part from its package, 
ground the package to a known good ground on 
the vehicle. 

4. Always touch a known good ground before 
handling the part. This step should be 
repeated before installing the part if the part 
has been handled while sliding across the seat, 
while sitting down from a standing position, or 
while walking a distance. 


ELECTRONIC CONTROL MODULE (ECM) 
Figure 6E-5 


The Electronic Control Module (ECM) is located in 
the driver compartment and is the control center of the 
Computer Command Control System. 

The ECM constantly looks at the information from 
various sensors, and control the systems that affect 
vehicle performance. The ECM performs the 
diagnostic function of the system. It can recognize 
operational problems, alert the driver through the 
“CHECK ENGINE” light, and store a code or codes 
which identify the problem areas to aid the technician 
in making repairs. See “DIAGNOSIS” section for 
more information. 

The ECM is designed to process the various input 
information (Figure 6E-3) and then sends the 
necessary electrical responses to control fuel delivery, 
spark timing and other emission control systems. The 
input information has an interrelation to more than 
one output, therefore, if the one input failed it could 
affect more than one system operations. 

The ECM has a “learning” ability which allows it 
to make corrections for minor variations in the fuel 
system to improve driveability. If the battery is 
disconnected to clear codes, or for repair, the 
“learning” process has to begin all over again. A 
change may be noted in the vehicle’s performance. To 
“teach” the vehicle, make sure the engine is at 
operating temperature, and drive at part throttle, with 
moderate acceleration and idle conditions, until 
normal performance returns. 
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[+] ACCESS COVER 


[2] MEM-CAL (CALIBRATOR) 
11-8-90 6S 2548-6E 
Figure 6E-5 - Electronic Control Module 


NOTICE: The ECM must be maintained at a 
temperature below 185°F (85°C) at all times. This 
is most essential if the vehicle is put through a 
paint baking process. The ECM will become 
inoperative if its temperature exceeds 185°F 
(85°C). Therefore, it is recommended that 
temporary insulation be placed around the ECM 
during the time the vehicle is in a paint oven or 
other high temperature process. 


A vehicle equipped with a 4 cylinder engine has an 
ECM (referred to as GMP4) with two parts for service. 
A controller (an ECM without a MEM-CAL) and a 
MEM-CAL (Memory and Calibration unit or 
calibrator). 


MEM-CAL (CALIBRATOR) 
Figure 6E-5 


Information for specific engine and vehicle is 
programmed using an integrated circuit called a 
MEM-CAL. In the parts book, it is listed as a 
calibrator. This allows one model of controller to be 
used for many different vehicles. The MEM-CAL is 
located inside the ECM and has information on the 
vehicle’s weight, engine, transmission, axle ratio, and 
several others. While one ECM part number can be 
used by many vehicle lines, a MEM-CAL is very 
specific and must be used for the right vehicle. For 
this reason, is is very important to check the latest 
parts book and Service Bulletin information for the 
correct part number when replacing a MEM-CAL. 

The MEM-CAL also contains the back-up fuel 
control circuitry required if the rest of the ECM 
becomes damaged or faulty. 


TEMPERATURE SENSOR 
HARNESS CONNECTOR TO ECM 
LOCKING TAB 


@5S 1640-6EA 


Figure 6E-6 - Coolant Sensor 
INPUT INFORMATION 


Coolant Temperature Sensor (CTS) 
Figure 6E-6 


The coolant sensor is a thermistor (a resistor which 
changes value based on temperature) mounted in the 
engine coolant stream. Low coolant temperature 
produces a high resistance (100,000 ohms at -40°C/- 
40°F) while high temperature causes low resistance 
(70 ohms at 130°C/266°F). 

The ECM supplies a 5 volt signal to the coolant 
sensor through a resistor in the ECM and measures 
the voltage. The voltage will be high when the engine 
is cold, and low when the engine is hot. By measuring 
the voltage, the ECM knows the engine coolant 
temperature. Engine coolant temperature affects most 
systems the ECM controls. 


MANIFOLD ABSOLUTE PRESSURE (MAP) 
SENSOR 
Figure 6E-7 


The Maniforld Absolute Pressure (MAP) sensor 
measures the changes in the intake manifold pressure, 
which result from engine load and speed changes, and 
convert this to a voltage output. 

A closed throttle on engine coastdown will produce 
a relatively low MAP output, while a wide open 
throttle will produce a high output. This high output 
is produced because the pressure inside the manifold is 
the same as outside the manifold, so 100% of the 
outside air pressure is measured. The MAP sensor 
reading is the opposite of what you would measure on a 
vacuum gage. When manifold pressure is high, 
vacuum is low. The MAP sensor is also used to 
measure barometric pressure under certain conditions, 
which allows the ECM to automatically adjust for 
different altitudes. 
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The ECM sends a 5 volt reference signal to the 
MAP sensor. As the manifold pressure changes, the 
electrical resistance of the sensor also changes. By 
monitoring the sensor output voltage, the ECM knows 
the manifold pressure. A higher pressure, low vacuum 
(high voltage) requires more fuel, while a lower 
pressure, higher vacuum (low voltage) requires less 
fuel. 

The ECM uses the MAP sensor to control fuel 
delivery and ignition timing. 


Oxygen (O2) Sensor 
Figure 6E-8 


The exhaust Oxygen (Og) sensor is mounted in the 
exhaust system where it can monitor the oxygen 
content of the exhaust gas stream. The oxygen content . 
in the exhaust reacts with the oxygen sensor to Figure 6E-7 - MAP Sensor 
produce a voltage output. This voltage ranges from 
approximately .1 volt (high O9-lean mixture) to .9 volt 
(low O9-rich mixture). 

By monitoring the voltage output of the Og sensor, 
the ECM will know what fuel mixture command to 
give to the injector (lean mixture-low voltage-rich 
command, rich mixture-high voltage-lean command). 


[2] ELECTRICAL CONNECTOR 
6S 2648-6E 


Throttle Position Sensor (TPS) 


The Throttle Position Sensor (TPS) is connected to 
the throttle shaft on the TBI unit. It is a potentiometer 
with one end connected to 5 volts from the ECM and 
the other to ground. A third wire is connected to the [+] EXHAUST OXYGEN (0,) 
ECM to measure the voltage from the TPS. As the SENSOR 
throttle valve angle is changed (accelerator pedal 
moved), the output of the TPS also changes. Ata 
closed throttle position, the output of the TPS is low 
(approximately .5 volt). As the throttle valve opens, 
the output increases so that, at wide open throttle, the 
output voltage should be approximately 5 volts. 

By monitoring the ouput voltage from the TPS, the 
ECM can determine fuel delivery based on throttle 
valve angle (driver demand). 


7-18-90 
* AS 0078-6E 


Intake Air Temperature (IAT) Sensor 
(Formerly MAT Sensor) 
Figure 6E-9 


The Intake Air Temperature (IAT) Sensor is a 
thermistor (a resistor which changes value based on. [1] 1AT SENSOR (TYPICAL) 
temperature) mounted on a 2.5L engine in the 
manifold. Low temperature produces a high resistance 
(100,00 ohms at -40°C/-40°F) while high temperature 
causes low resistance (70 ohms at 130°C/266°F). 7S 3263 

The ECM supplies a 5 volt signal to the sensor Figure 6E-9 - IAT/MAT Sensor 
through a resistor in the ECM and measures the 
voltage. The voltage will be high when the intake air 
is cold, and low when the air is hot. By measuring the 
voltage, the ECM knows the intake air temperature. 
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The IAT sensor signal is used by the ECM to delay 
EGR until the intake air temperature reaches about 
5°C (40°F). 

The ECM uses the signal to slightly retard the 
timing during high ambient air temperatures. 


Vehicle Speed Sensor (VSS) 


The Vehicle Speed Sensor (VSS) located behind the 
speedometer sends a pulsing voltage signal to the 
ECM, which the ECM converts to miles per hour. This 
sensor mainly controls the operation of the TCC 
system. 


Park/Neutral (P/N) Switch Signal 


The Park/Neutral (P/N) switch, located on the 
steering column is used on an automatic transmission 
vehicle to indicate to the ECM when the transmission 
is in Park or Neutral. 


This information is used to control the operation of the 
transmission converter and idle air control. 


Crank Signal 


The ECM uses this signal to tell when the vehicle 
is in the STARTING mode. 


Distributor Reference Signal 


The distributor sends a signal to the ECM to 
indicate both engine rpm and crankshaft position. 


Power Steering Pressure Switch (PSPS) 
Signal 


Located near the power steering gear. When 
steering is to the extreme left or right, the switch is 
closed and this signal will increase the idle air rate 
and retard the spark for a stable idle. 


DIAGNOSIS 


The Computer Command Control System has a 
diagnostic system built into the ECM to indicate a 
failed circuit. An amber “Check Engine” light on the 
instrument panel will illuminate a problem has been 
detected with the engine running. This light is also 
used for a bulb and system check. 

The System Check is the starting point for the 


diagnostic procedures or an emissions test failure. 
The diagnostic charts are related to the ECM and will 


determine if the ECM is working properly. This 
section diagnoses the fuel system controlled by the 
ECM and has charts to diagnose a circuit when the 
ECM has displayed a code. 

The system requires an ALDL read-out “Scan” 
tool, tachometer, test light, ohmmeter, digital 
voltmeter with 10 megohms impedance (J 34029-A), 
vacuum gage and jumper wires for diagnosis. Refer to 
“Special Tools” section for additional information 
about special tools. 


Bulb Check 


With the ignition “ON” and engine not running, 
the lamp should be illuminated which indicates that 
the ECM has completed the circuit to turn “ON” the 
light. 

. If the “CHECK ENGINE” light is not “ON,” refer 
to CHART A-1 for diagnosis. 

When the engine is started, the light will turn 
“OFF.” If the light remains “ON” refer to “Diagnostic 
Circuit Check.” 


DIAGNOSTIC CIRCUIT CHECK 


Since this is the starting point for the diagnostic 
procedures or finding the cause of an emissions test 
failure, always begin here. 

The Diagnostic Circuit Check is performed 
through the twelve terminal Assembly Line 
Diagnostic Link (ALDL) connector (Figure 6E-4) 
under the instrument panel in the drivers 
compartment. 

The Computer Command Control System Check 
is a procedure that determines the following: 

1. Bulb Check - to check “Check Engine” light 
circuit and that the ECM can complete the 
circuit. 

2. Diagnostic Mode - this indicates if the 
diagnostic code system is working. 

3. “Scan” Data - this determines if the ECM is 
suppling input and output visual data. 

4. Engine Start - this step is done after it has 
been determined that the ECM will display 
codes and data. 

5. Other Codes - proceed to applicable chart if 
code is displayed. Scanning the data for 
typical value may indicate a problem area if 
they are incorrect. If all system appear to be 
functioning, review the “Driveability 
Symptoms” section. 

The system check starts with a bulb check. If 

there is no “Check Engine” light, refer to CHART A-1. 


@ IGNITION “ON,” ENGINE STOPPED. 
@ ISTHE “CHECK ENGINE” LIGHT 
FLASHING CODE 12? 


@ ISTHE “CHECK CHECK FOR GROUNDED 
ENGINE” LIGHT “ON” CKT 451. SEE WIRING 
STEADY? DIAGRAM FOR CHART 

A-1. 


USING TECH 1 PERFORM | _! SEE CHARTA-1 
“DIAGNOSTIC CIRCUIT 1 IN “COMPUTER 
CHECK.” 

oe 
JUMPER ALDL TERMINAL 
“BRB” TO al» ae 
DOES “CHECK ENGINE” 
LIGHT FLASH CODE 12? 


YES 


r 
DOES “CHECK ENGINE” i SEE CHART A-2 
LIGHT FLASH CODE 12 AT 1 IN “COMPUTER 


| COMMAND" SECTION. 


LEAST THREE TIMES? 


YES 


DOES TECH 1 DISPLAY 
ECM DATA? 


= 
DOES ENGINE START? 1 SEE CHART A-2 
| IN “COMPUTER 


COMMAND" SECTION. 


' 
' 
! 
i] i] 
ee =| 


YES 


ee ~ 


ARE ANY CODES } SEE CHART A-3 
DISPLAYED? 1 IN “COMPUTER 


YES 


REFER TO APPLICABLE CHECK TECH 1 DATA FOR 

CODE CHART. START TYPICAL VALUES. REPAIR 

WITH LOWEST CODE. AS NECESSARY. IF ALL 
OK, SEE “DRIVEABILITY 
SYMPTOMS" SECTION. 


Figure 6E-10 - Diagnostic Circuit Check 
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Diagnostic Mode 


If the diagnostic terminal “B”, in the ALDL 
connector is grounded with the ignition “ON” and the 
engine stopped, the system will enter the diagnostic 
mode. 

With the key “ON” and the engine “OFF,” jumper 
ALDL terminals “B” to “A”. The “Check Engine” light 
should flash Code 12 to indicate that the diagnostic 
system is working. Code 12 consists of “one flash” 
followed by a pause and then “two flashes.” The code 
will repeat for a total of three times and will continue 
to repeat if there are no other codes stored. 

If Code 12 does not display refer to CHART A-2. A 
flashing Code 12 does not mean an engine problem; it 
simply means that the diagnostic mode is working. 
Any other stored codes (Figure 6E-11) will begin to 
flash after Code 12. 


Field Service Mode 


If the diagnostic terminal “B” is grounded with the 
engine running, the system will enter the field service 
mode. In this mode, the “Check Engine” light will 
show whether the system is in “Open” or “Closed Loop” 
and fuel system is operating normally. 

In “Open Loop” the “Check Engine” light flashes 
two and one-half times per second. 

In “Closed Loop,” the light flashes once per second. 
Also, in “Closed Loop,” the light will stay OUT most of 
the time if the system is too lean. It will stay “ON” 
most of the time if the system is too rich. 

While the system is in Field Service Mode, the 
ECM will be in the following mode: 

1. New trouble codes cannot be stored in the 

ECM. 
2. The “Closed Loop” timer is bypassed. 


Tech 1/"Scan” Tool 


The diagnostic procedures in this manual assume 
the use of a “Scan” tool. Since the Tech 1, produced by 
Expertec, is able to perform functions, such as, 
bidirectional communication that other “Scan” tools 
are unable to perform, it has been made an essential 
tool. Although, the term “Scan” tool will continue to 
be used for simplicity’s sake, we recommend the Tech 
1 be used when ever possible. Explicit instructions on 
connecting, and using the various Tech 1 functions are 
contained in the Tech 1 owner’s manual. 

A “Scan tool is designed to interface with the 
Computer Command Control system. It supplies a 
visual reading of most inputs to the ECM and some 
outputs. Review the tool instruction manual to 
understand its operation and limitations. 
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CODE IDENTIFICATION 


The “Check Engine” light will only be “ON” if the malfunction exists under the conditions listed below. If the 
malfunction clears, the light will go out and the code will be stored in the ECM. Any codes stored will be 
erased if no problem reoccurs within 50 engine starts. 


CODE AND CIRCUIT 


Code 13 - Oxygen (Og) 
Sensor Open Oxygen 
Sensor Circuit 


Code 14 - Coolant Sensor 
High Temperature 
Indication 


Code 15 - Coolant Sensor 
Low Temperature 
Indication 


Code 21-TPS 
Signal Voltage High 


Code 22 - TPS 
Signal Voltage Low 


Code 23 - IAT (MAT) 
Low Temperature 
Indication 


Code 24- VSS 
No Vehicle Speed 
Indication 


Code 25 - IAT (MAT) 
High Temperature 
Indication 


Code 32- EGR 


PROBABLE CAUSE 


Indicates that the oxygen 
sensor circuit or sensor 
was open for one minute 
while off idle. 


Sets if the sensor or 
signal line becomes 
grounded for 3 seconds. 


Sets if the sensor, 
connections, or wires 
open for 3 seconds. 


TPS voltage greater than 
2.5 volts for 3 seconds 
with less than 1200 
RPM. 


A shorted to ground or 
open signal circuit will 
set code in 3 seconds. 


Sets if the sensor, 
connections, or wires 
open for 3 seconds. 


No vehicle speed present 
during a road load decel. 


Sets if the sensor or 
signal line becomes 
grounded for 3 seconds. 


Vacuum switch shorted 

to ground on start up 
OR 

Switch not closed after 


the ECM has commanded 


EGR for a specified 
period of time. 

OR 
EGR solenoid circuit 
open for a specified 
period of time. 


CODE AND CIRCUIT 


Code 33 - MAP Sensor Low 
Vacuum 


Code 34- MAP Sensor 


High Vacuum 


Code 35 - IAC 


Code 42 - EST 


Code 44 
Lean Exhaust Indication 


Code 45 
Rich Exhaust Indication 


Code 51 


Code 53 


Figure 6E-11 - ECM Code System 


PROBABLE CAUSE 


MAP sensor output to 
high for 5 seconds or an 
open signal circuit. 


Low or no output from 
sensor with engine 
running. 


IAC error. 


ECM has seen an open 
or grounded EST or 
bypass circuit. 


Sets if oxygen sensor 
voltage remains below 
.2 volt for about 20 
seconds. 


Sets if oxygen sensor 
voltage remains above 
.7 volt for about 1 
minute. 


Faulty MEM-CAL 
(CALIBRATOR), or 
ECM. 


System over voltage. 
Indicates a basic 
generator problem. 


10-19-90 
MS 10881 


Connect a “Scan” tool to the ALDL and 
cigarette/cigar lighter connector or 12 volts and there 
should be a visual instruction displayed. If there is no 
display or tool reads “No DATA or No ALDL” with 
ignition “ON,” refer to CHART A-2. 

With the tool in the code position, the display 
window will indicate any code stored in the ECM 
memory (Figure 6E-11). Referring to the applicable 
code chart, the tool will “Scan” and input to determine 
if a specific circuit is operating properly. If there are 
no codes, the system check is completed. Additional 
information on “Sean” tools is in “Special Tools” 
section. 

If there are additional driveability symptoms, 
refer to “Driveability Symptoms” section. 

If there are additional codes, refer to applicable 
code chart. 


Engine Does Not Start 


If the engine cranks but will not start, refer to 
CHART A-3 through A-6 to determine if there is a fuel 
or ignition problem. 


Code System 
Figure 6E-11 


The ECM is equipped with a self-diagnosis system 
which detects system failure and aids the technician in 
locating the circuit at fault via a code. 

The ECM is really a computer. It uses sensors to 
look at many engine operating conditions. It has a 
memory and it knows what a certain sensor readings 
should be under certain conditions. These conditions 
are described on the facing page of each Code Chart. If 
a sensor reading is not what the ECM thinks it should 
be, the ECM will turn “ON” the “Check Engine” light 
on the instrument panel, and will store a code in the 
memory. The code tells which CIRCUIT the trouble is 
in. A circuit consists of a sensor (such as coolant 
temperature), the wiring and connectors to it, and the 
ECM. 

An “intermittent” code is one which does not reset 
itself, and is not present while you are working on the 
vehicle. This is often caused by a loose connection. 
The facing page of a code chart will contain diagnostic 
aids to help in detecting intermittents. 

A “hard” code is one which is present when you are 
working on the vehicle and the condition still exists 
while working on the vehicle. The chart with the 
stored code number will lead you to the cause of the 
problem. 
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Clearing Codes 


When the ECM sets a code, the “Check Engine” 
light will come “ON” and a code will be stored in 
memory. If the problem is intermittent, the light will 
go out after 10 seconds, when the fault goes away. 
However, the code will stay in the ECM memory for 50 
starts or until the battery voltage to the ECM is 
removed. Removing battery voltage for 30 seconds 
will clear all stored codes. 

Codes should be cleared after repairs have been 
completed. Also, some Diagnostic Charts will tell you 
to clear the codes before using the chart. This allows 
the ECM to set the code while going through the chart, 
which will help to find the cause of the problem more 
quickly. 


NOTICE: To prevent ECM damage, the key must 
be “OFF” when disconnecting or reconnecting 
power to ECM (for example battery cable, ECM 
pigtail, ECM fuse, jumper cables, etc.). 


ELECTRONIC CONTROL MODULE (ECM) 


The diagnosis of the Electronic Control Module 
(ECM) starts with the Diagnostic Circuit Check. The 
code system indicates a failure of a specific circuit and 
diagnosis may indicate replacement of the ECM. A 
Code 55 indicates that the ECM has failed and must be 
replaced. 

If the ECM has been replaced and the condition 
was not corrected, the following information may be 
the cause: 

e An incorrect ECM or MEM-CAL application may 
cause a malfunction and may or may not set a code. 

e If the connector at the ECM is the possible 
problem, the terminal may have to be removed 
from the connectors in order to properly check 
them. 

e Although the MEM-CAL rarely fails, it operates as 
part of the ECM, therefore, it could be the cause of 
the problem. 

e Although a rare condition, the fadinciege ECM 
may be faulty. 

@ In the case of an intermittent problem, refer to 
Driveability Symptoms and make a careful 
physical inspection of the system involved. 

e Ashorted solenoid, relay coil or harness may cause 
an ECM to fail and a replacement ECM to fail 
when it is installed. Use a short tester J34636, 
BT8405, or equivalent as a fast, accurate means of 
checking for a short circuit. 

e Refer to ECM Quad-Driver (QDR) Check 
Procedure before replacing ECM (Figure 6E-13). 
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ECM Quad-Driver (QDR) Check 


The ECM uses an Integrated Circuit (IC) called a 
Quad-Driver (QDR) in place of separate transistors to 
turn “ON” or “OFF” different circuits controlled by the 
ECM. Each QDR has four separate outputs that can 
independently turn “ON” or “OFF” four different 
circuits. 
ECMs on all engines are fault protected, therefore, 
a single faulty circuit may cause all four QDR outputs 
to be inoperative or “ON” all the time. A failed QDR 
usually results in either a shorted or open ECM 
output. Because of the increased current flow, two 
QDR outputs are used to drive the TCC solenoid. 
Refer to the ECM QDR Check Procedure (Figure 
6E-13). This check will not test all ECM functions but 
it will determine if a specific circuit has caused a 
specific QDR to fail in the ECM. 
A faulty circuit is the largest cause of a failed 
QDR, therefore, the check procedure should be used if 
there is an indication of an ECM replacement, 
especially if the removed ECM exhibits characteristics 
of adamaged QDR such as: 
@ “Check Engine” light with no codes stored. 
@ Engine will not start and/or ECM will not 
flash Code 12. 

@e Flickering, intermittent, or dim “Check 
Engine” light. ‘ 

@ Output, such as TCC circuit, is inoperative or 
“ON” at all times. 

@ Engine misfires, surges or stalls. 

@ “Scan” tool is erratic or inoperative. 

The ECM used on all engines has IC circuits that 
are fault protected, therefore, if a circuit has failed, the 
IC may not be damaged and will keep the circuit open 
until the fault in the circuit has been corrected. When 
the fault has been corrected, reinstall ECM and check 
circuit. Replace ECM only if the circuit is still 
inoperative. 


MEM-CAL (CALIBRATOR) 


A MEM-CAL that has failed or was installed 
improperly will set a Code 51. 


FUEL CONTROL 


Fuel delivery is controlled by the Computer 
Command Control system. The general description of 
fuel control is in “Fuel Control” section. This includes 
the fuel injector, pressure regulator, idle air control 
valve and the fuel pump electrical circuit. 

The diagnosis of fuel control starts with “Engine 
Cranks But Will Not Run” CHART A-3. This chart 
will test the fuel system and if there is a problem, will 
lead you to checking the fuel pump relay circuit, 
diagnosing the injector circuit or diagnosing the fuel 
system. 


Fuel Injector 


Testing the fuel injector circuit is in CHART A-3 
and additional diagnosis in CHART A-4. 

A fuel injector which does not open may cause a no- 
start condition. An injector which is stuck partly open, 
could cause loss of pressure after sitting, so long crank 
times would be noticed on some engines. Also, 
dieseling could occur because some fuel could be 
delivered to the engine after the key is turned “OFF.” 


Pressure Regulator 


Testing the pressure regulator circuit is in CHART 
A-3 and A-4. 

If the pressure regulator in the TBI supplies 
pressure which is too low (below 62 kPa or 9 psi), poor 
performance could result. If the pressure is too high, 
unpleasant exhaust odor may result. 


Idle Air Control (IAC) 


The diagnosis of Idle Air Control (IAC) can be 
found in Code 35 chart. 

If the IAC valve is disconnected or connected with 
the engine running, the idle rpm may be wrong. The 
IAC valve may be reset by turning the ignition switch 
“ON” and “OFF” one time. 

The IAC valve affects only the idle characteristics 
of the engine. If it is open fully, too much air will be 
allowed in the manifold and idle speed will be high. If 
it is stuck part way open, the idle may be rough and 
will not respond to engine load changes. 


Fuel Pump Circuit 


The fuel pump relay has a terminal to test the fuel 
pump operation. This is a separate terminal located 
near the relay. By applying voltage at this terminal, it 
can be determined if the fuel pump will operate. This 
terminal will also prime the fuel line to the TBI unit. 

Refer to CHART A-5 for diagnosis of fuel pump 
relay circuit. 

An inoperative fuel pump would cause a no start 
condition. A fuel pump which does not provide enough 
pressure can result in poor performance. 


COOLANT TEMPERATURE SENSOR (CTS) 


Code 14 or Code 15 indicates a failure in the 
Coolant Temperature Sensor (CTS) circuit. 

A “Scan” tool displays engine temperature in 
degrees centigrade. After engine is started, the 
temperature should rise steadily to about 90°C then 
stabilize when thermostat opens. 


MANIFOLD ABSOLUTE PRESSURE (MAP) 
SENSOR 


Code 33 or Code 34 indicates a failure in the 
Manifold Absolute Pressure (MAP) Sensor circuit. 
Also refer to MAP Output Check referring to a chart 
diagnosis to check the MAP sensor if there is no code. 


OXYGEN (O2) SENSOR 


Code 13 indicates an open in the oxygen sensor 
circuit. Code 44 indicates a shorted oxygen sensor 
circuit. Code 45 indicates a high voltage in the oxygen 
sensor circuit. If a code is set, the engine will always 
run in the “Open Loop” mode. The oxygen sensor 
voltage output can be measured with a digital 
voltmeter having at least a 10 megohms input 
impedance. Use of a standard shop type voltmeter will 
result in an inaccurate reading. 

Normal “Scan” voltage varies between 100 mV to 
999 mV (.1 and 1.0 volt) while in “Closed Loop.” Code 
13 sets in one minute if voltage remains between .35 
and .55 volts, but the system will go “Open Loop” in 
about 15 seconds. 

Using the “Scan,” observe the block learn values at 
different rpm and air flow conditions. The “Scan” also 
displays the block cells, so the block learn values can 
be checked in each of the cells to determine when Code 
44 or Code 45 may have been set. If the condition for 
Code 44 exists, the block learn values will be around 
150. If the condition for Code 45 exists, the block learn 
values will be around 115. 


THROTTLE POSITION SENSOR (TPS) 


Code 21 indicates that there is a shorted Throttle 
Position Sensor (TPS) circuit. Code 22 indicates that 
there is an open in the TPS circuit. When a code is set, 
the ECM will use an artificial value for throttle 
position and some engine performance will return. 

A broken TPS can cause intermittent bursts of fuel 
from the injector(s) and an unstable idle because the 
ECM thinks the throttle is moving. 

A “Scan” tool reads throttle position in volts. 
Voltage should increase at a steady rate as throttle is 
moved toward WOT. 

“Scan” TPS while depressing accelerator pedal 
with engine stopped and ignition “ON.” Display 
should read about .5 volt (500 mV) to 1.25 volts (1250 
mV) when throttle is closed, and vary to over 4.5 volts 
(4500 mV) when throttle is held at wide open throttle 
position. 


TPS Output 


This check should be performed only when throttle 
body parts have been replaced or after the minimum 
air flow has been adjusted. 
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1. Connect digital voltmeter J 34029-A or equivalent, 
from TPS connector terminal “B” (DK BLU wire) 
to terminal “C” (BLK wire). Jumpers for terminal 
access can be made using terminals “1214836”and 
“12014837”. A “Scan” tool can be used to read the 
TPS output voltage. 

2. With ignition “ON,” engine stopped, the TPS 
voltage should be less that 1.25 volts. If more than 
1.25 volts, replace TPS. 

3. Remove the voltmeter and jumpers, reconnect the 
TPS connector to the sensor. 


VEHICLE SPEED SENSOR (VSS) 


The Vehicle Speed Sensor (VSS) circuit diagnosis 
is in Code 24 chart. 

“Scan” reading should closely match with 
speedometer reading, with drive wheels turning. 


INTAKE AIR TEMPERATURE (IAT) SENSOR 
(FORMERLY MAT SENSOR) 


Code 23 indicates that there is an open in the 
circuit. Code 25 indicates that there is a short to 
ground in the IAT circuit. 

A “Scan” tool reads temperature of the air entering 
the engine and should read close to ambient air 
temperature when engine is cold, and rises as 
underhood temperature increases. 


EXHAUST GAS RECIRCULATION (EGR) 
SYSTEM 


Code 32 indicates that there is a failure in the EGR 
system circuit. 


IDLE SPEED | 


Code 35 sets when there is a problem with Idle Air 

Control (IAC) on a 2.5L engine. 

@ System too lean. (High air/fuel ratio) 
Idle speed may be too high or too low. Engine 
speed may vary up and down, disconnecting IAC 
does not help. May set Code 44. “Scan” and/or 
voltmeter will read an oxygen sensor output less 
than 300 mV (.3 volt). Check for low regulated fuel 
pressure or water in fuel. A lean exhaust with an 
oxygen sensor output fixed above 800 mV (.8 volt) 
will be a contaminated sensor, usually silicone. 
This may also set a Code 45. 

@ System too rich. (Low air/fuel ratio) 
Idle speed too low. “Scan” counts usually above 80. 
System obviously rich and may exhibit black 
smoke exhaust. 
“Scan” tool and/or voltmeter will read an oxygen 
sensor signal fixed above 800 mV (.8 volt). 
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ELECTRONIC SPARK TIMING (EST) 


When the system is running on the ignition 
module, that is, no voltage on the bypass line, the 
ignition module grounds the Electronic Spark Timing 
(EST) signal. The ECM expects to see no voltage on 
the EST line during this condition. If it sees a voltage, 
it sets Code 42 and will not go into the EST mode. 

When the rpm for EST is reached (about 400 rpm), 
and bypass voltage applied, the EST should no longer 
be grounded in the ignition module so the EST voltage 
should be varying. 

If the bypass line is open or grounded, the Ignition 
Module will not switch to EST mode so the EST 
voltage will be low and Code 42 will be set. 

If the EST line is grounded, the Ignition Module 
will switch to EST, but because the line is grounded 
there will be not EST signal. A Code 42 will be set. 

Code 42 sets is there is an open or a short to ground 
in the EST or bypass circuit. 


SYSTEM OVER VOLTAGE 


Code 53 sets if there is voltage greater than 17.1 
volts for two seconds at ECM terminal “B1”. This 
indicates that there is a basic generator problem. 


PARK/NEUTRAL SWITCH 


Diagnosis of the Park/Neutral Switch is on page 
6E-86 of this section. 


CRANK SIGNAL 


The crank signal diagnosis procedure is on page 
6E-88 of this section. If there is no crank signal to the 
ECM, the engine may be hard to start. 


POWER STEERING PRESSURE SWITCH (PSPS) 


The diagnosis of the Power Steering Pressure 
Switch (PSPS) is covered on page 6E-90 of this section. 


DISTRIBUTOR REFERENCE SIGNAL 


Diagnosis of distributor reference signal is covered 
in “Ignition System” section. 


EXHAUST SYSTEM 


Refer to Figure 6E-12 for diagnosis of a restricted 
exhaust system. 
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CHART A-1 
NO “CHECK ENGINE” LIGHT 


Circuit Description: 


There should always be a steady “Check Engine” light when the ignition is “ON” and engine stopped. 


Battery ignition voltage is supplied to the light bulb. T 


he Electronic Control Module (ECM) will control the light 


and turn it “ON” by providing a ground path through CKT 419 to the ECM. 


Test Description: Number(s) below refer to circled 

number(s) on the diagnostic chart. 

1. Ifthe fuse in holder is blown, refer to facing page of 
CHART A-5 for complete circuit. 

2. Using a test light connected to 12 volts, probe each 
of the system ground circuits to be sure a good 
ground is present. See ECM terminal end view in 
front of this section for ECM pin locations of 
ground circuits. 


Diagnostic Aids: 


If the engine runs OK, check: 

@ Faulty light bulb. 

@® CKT 419 open. 

@ Ignition fuse blown. This will result in no stop 
lights, oil or generator lights, seat belt reminder, 
etc. 

If engine cranks but will not run, use CHART A-3. 


DOES THE ENGINE START? 


YES 


IGNITION ” OFF.” 


DISCONNECT ECM CONNECTORS. 


IGNITION “ON.” 


PROBE CKT 419, WITH TEST LIGHT TO GROUND. 
IS THE “CHECK ENGINE” LIGHT “ON”? 


FAULTY ECM 
CONNECTION OR ECM. 
BEFORE REPLACING 
ECM, REFER TO “ECM 
QDR CHECK.” 


“AFTER REPAIRS,” CONFIRM “CLOSED LOOP” OPERATION AND NO “CHECK ENGINE” LIGHT. 


CHECK: 


IGNFUSE 
FAULTY BULB 
OPEN CKT 419 


CKT 419 SHORTED TO VOLTAGE 


OPEN IGNITION FEED TO BULB. 
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CHART A-1 
NO “CHECK ENGINE” LIGHT 


IS THE ECM B AND THE ECM FUSE OK? 


IGNITION “OFF.” 
DISCONNECT ECM 
CONNECTORS. 

IGNITION “ON.” 

PROBE CKT 440 & 439 WITH 
TEST LIGHT TO GROUND. 

IS THE LIGHT “ON” ON BOTH 
CIRCUITS? 


YES 


FAULTY ECM GROUNDS 
OR 
POOR ECM CONNECTIONS 


LOCATE AND CORRECT 
SHORT TO GROUND IN 
CIRCUIT THAT HADA 
BLOWN FUSE. 


REPAIR OPEN IN CIRCUIT 
THAT DID NOT LIGHT 
THE TEST LIGHT. 


10-30-90 
MS 10911 
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CHART A-2 
NO ALDL DATA OR WON'T FLASH CODE 12 


Circuit Description: 


“CHECK ENGINE” LIGHT “ON” STEADY 


There should always be a steady “Check Engine” light when the ignition is “ON” and engine stopped. 
Battery ignition voltage is supplied to the light bulb. The Electronic Control Module (ECM) will turn the light 


“ON” by grounding CKT 419 at the ECM. 


With the diagnostic terminal grounded, the light should flash a Code 12, followed by any trouble code(s) 


stored in memory. 


A steady light suggests a short to ground in the light control CKT 419, or an open in diagnostic CKT 451. 


Test Description: Number(s) below refer to circled 

number(s) on the diagnostic chart. 

1. If there is a problem with the ECM that causes a 
“Scan” tool to not read Serial data then the ECM 
should not flash a Code 12. If Code 12 does flash, 
be sure that the “Scan” tool is working properly on 
another vehicle. If the “Scan” is functioning 
properly and CKT 461 is OK, the MEM-CAL or 
ECM may be at fault for the NO ALDL symptom. 

2. Ifthe light goes “OFF” when the ECM connector is 
disconnected, then CKT 419 is not shorted to 
ground. 


3. 


4. 


This step will check for an open diagnostic CKT 
451. : 

At this point the “Check Engine” light wiring is 

OK. The problem is a faulty ECM or MEM-CAL. 

If Code 12 does not flash, the ECM should be 

replaced using the original MEM-CAL. Replace © 
the MEM-CAL only after trying an ECM, as a 

defective MEM-CAL is an unlikely cause of the 

problem. 
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CHART A-2 


NO ALDL DATA OR WON'T FLASH CODE 12 
“CHECK ENGINE” LIGHT “ON” STEADY 


@ IGNITION “ON.” ENGINE “OFF.” 
IS THE “CHECK ENGINE” LIGHT “ON”? 


YES 


4 
@ GROUND DIAGNOSTIC TERMINAL. 4 
DOES LIGHT FLASH CODE 12? 


IGNITION “OFF.” G) @ IF PROBLEM WAS NO ALDL DATA: 
DISCONNECT ECM CONNECTORS. ; @ CHECK SERIAL DATA CKT 461 FOR OPEN 
IGNITION “ON” AND NOTE “CHECK OR : 
ENGINE” LIGHT. SHORT TO GROUND 
OR 
SHORT TO VOLTAGE BETWEEN ECM AND 
ALDL CONNECTOR. IF OK, ITIS A FAULTY 
ECM 
OR 
MEM-CAL (CALIBRATOR). 


LIGHT “OFF” LIGHT “ON” 


IGNITION “OFF.” REPAIR SHORT TO 
RECONNECT ECM. GROUND IN CKT 419. 


IGNITION “ON,” ENGINE STOPPED. 
DIAGNOSTIC TERMINAL NOT GROUNDED. 
BACKPROBE ECM, CKT 451, WITH TEST LIGHT TO GROUND. 


CODE 12 


CHECK MEM-CAL (CALIBRATOR) FOR PROPER @ CHECK FOR OPEN IN ALDL DIAGNOSTIC 
INSTALLATION. TERMINALS “B” AND CKT 451 TO ECM. 


IF OK, REPLACE ECM USING ORIGINAL MEM-CAL. @ IF OK, CHECK FOR OPEN IN ALDL TERMINAL “A” 
RECHECK FOR CODE 12. TO ECM AND ECM GROUND, CKT 450. 


REPLACE MENM-CAL. SYSTEM OK. 


“ AFTER REPAIRS,” CONFIRM “CLOSED LOOP” OPERATION AND NO “CHECK ENGINE” LIGHT. 
10-30-90 
MS 10912 
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ECMI | 
12V-<——e— @——o\_»— 439 PNK/BLK 439 RED 


IGNITION 10A 
SWITCH 


467 DK BLU 


a] INJECTOR 
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CHART A-3 y 
ENGINE CRANKS BUT WILL NOT RUN 


Circuit Description: 


This chart assumes that battery condition and engine cranking speed are OK, and there iis adequate fuel in 


the tank. 


Test Description: Number(s) below refer to circled 

number(s) on the diagnostic chart. 

1. A“CHECK ENGINE” light “ON” is a basic test to 
determine if there is a 12 volt supply and ignition 
12 volts to ECM. No ALDL may be due to an ECM 

‘ problem and CHART A-2 will diagnose the ECM. 

If TPS is over 2.5 volts the engine may be in the 
clear flood mode which will cause starting 
problems. If coolant sensor is below -30°C, the 
ECM will provide fuel for this extremely cold 
temperature which will severely flood the engine. 

2. Voltage at the spark plug is checked using Spark 
Tester tool ST125 (J 26792) or equivalent. No 
spark indicates a basic ignition problem. 

3. While cranking engine there should be no fuel 
spray with injector disconnected. Replace an 
injector if it sprays fuel or drips like a leaking 


water faucet. s 


™~ 

4, Use an injector test light like J 34730, BT8329A or 
equivalent, to test injector circuit. A blinking 
light indicates the ECM is controlling the injector. 

5. This test will determine if there is fuel pressure at 
the injector and that the injector is operating. 


Diagnostic Aids: 


If no trouble is found in the fuel pump or ignition 
systems, and the cause of a “Engine Cranks But Will 
Not Run” has not been found, check for: 

@ Fouled spark plugs. 


@ EGR valve stuck open. 

@ Low fuel pressure. See CHART A-6. 

@ Water or foreign material in the fuel system. 

e Ashort to ground CKT 423 (EST) may cause a “No 
Start” ora “Start Then Stalls” condition. 

e 


Basic engine problem. 
; : 
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CHART A-3 | 
ENGINE CRANKS BUT WILL NOT RUN 


IGNITION “ON” = IF “CHECK ENGINE” LIGHT IS “OFF,” SEE 
CHART A-1. 

INSTALL “SCAN” TOOL - IF “NO DATA,” SEE CHART A-2. 
CHECK THE FOLLOWING: 

@ TPS - IF OVER 2.5V AT CLOSED THROTTLE, SEE CODE 21. 
@ COOLANT - IF BELOW -30°C, SEE CODE 15. : 
IGNITION “OFF” FOR 10 SECONDS. IGNITION “ON,” 
LISTEN FOR PUMP TO RUN. DOES IT? 


DISCONNECT ONE SPARK PLUG WIRE. } SEE FUEL PUMP RELAY : 
INSTALL A SPARK TESTER (ST-125 OR | CIRCUIT CHART A-5 
EQUIVALENT). 

CRANK ENGINE AND CHECK FOR 

SPARK. 

IS THERE SPARK? 


RECONNECT SPARK PLUG WIRE. ! SEE IGNITION SYSTEM CHECK IN 
DISCONNECT INJECTOR CONNECTOR. : “IGNITION SYSTEM/EST” SECTION. ! 
CRANK ENGINE. L 

IS THERE FUEL SPRAY FROM INJECTOR? 


CONNECT INJECTOR TEST LIGHT FAULTY INJECTOR SEAL 
TO HARNESS CONNECTOR. OR 


CRANK ENGINE. FAULTY INJECTOR 
DOES TEST LIGHT BLINK? 


# 
(S)| © RECONNECT INJECTOR CONNECTOR. | SEE INJECTOR CIRCUIT 
© CRANK ENGINE. | DIAGNOSIS CHART A-4 

IS THERE FUEL SPRAY FROM INJECTOR? 4 


IGNITION “OFF.” 
NO TROUBLE FOUND. INSTALL FUEL PRESSURE GAGE, REFER TO FUEL SYSTEM 
SEE DIAGNOSTIC AIDS PRESSURE TEST IN “FUEL CONTROL” SECTION. 
ON FACING PAGE. IGNITION “ON.” 

FUEL PRESSURE SHOULD BE 62-90 KPa (9-13 psi) 

1S IT? 


YES 


| ta | 
FAULTY INJECTOR | | SEE FUEL SYSTEM 
| DIAGNOSIS CHART A-6 
4 


“ AFTER REPAIRS,” CONFIRM “CLOSED LOOP” OPERATION AND NO “CHECK ENGINE” LIGHT. MS 1 091 6 
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439 PNK/BLK ——>TO ECM 
ECM 1 | 


12V-<—e—" @—\ »— 439 PNKVBLK 439 RED 467 DK BLU 
IGN 10A TBI UNIT 
Ap| INJECTOR 


SI 


151 BLK GROUND 
HALL EFFECT é ; 
SWITCH 


151 BLK GROUND 


ENGINE VIN “E” 


423 WHT EST 
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IGNITION 424 TAN/BLK BYPASS 
MODULE 453 BLK RED REFERENCE LOW 
DISTRIBUTOR 
FOUR PIN 
CONNECTOR 


* REFER TO ECM WIRING DIAGRAMIN THIS SECTION 11-68-90 


~ MS 10917 
CHART A-4 
INJECTOR CIRCUIT DIAGNOSIS 


Circuit Description: 
This chart should only be used if diagnosis in CHART A-3 indicated an injector circuit problem. 


Test Description: Number(s) below refer to circled 2. This step tests for 12 volts to the injector. It, will 
number(s) on the diagnostic chart. also determine if there is a short to voltage on the 
1. This test will determine if the ignition module is ECM side of the circuit. 

generating a reference pulse, if the wiring is at 3., This test checks for continuity to the ECM. 

fault or if the ECM is at fault. By touching and 

removing a test light, connected to 12 volts, to 

CKT 430, a reference pulse should be generated. If 

injector test light blinks, the ECM and wiring are 

OK. 
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gaan es CHART A-4 
pFROM : | INJECTOR CIRCUIT DIAGNOSIS 


1 CHART A-3>* | 
| INJECTOR TEST 
| LIGHT DOES © 


NO LIGHT | . STEADY LIGHT 


@ DISCONNECT DISTRIBUTOR 4-WAY CONNECTOR. ; CHECK FOR SHORT TO 
@ IGNITION “ON.” Os GROUND INJECTOR 
@ MOMENTARILY TOUCH HARNESS CONNECTOR CKT 467. 
TERMINAL CKT 430 WITH TEST LIGHT TO 12 VOLTS. 
IMPORTANT: INJECTOR TEST LIGHT SHOULD 


“BLINK” EACH TIME THE TEST LIGHT IS REMOVED IF CKT 467 IS NOT GROUNDED, 
FROM CKT 430. CHECK RESISTANCE ACROSS 


TERMINALS INJECTOR, SHOULD 
BE OVER 1.3 OHMS. 
NO BLINKING INJECTOR LIGHT “BLINKS” 
INJECTOR LIGHT 
@ FAULTY IGNITION MODULE OR CONNECTION. 


FAULTY FAULTY INJECTOR 
ECM. AND ECM. 


2) CHECK FOR: — 
@ OPEN OR GROUNDED CKT 430. 
@ FAULTY CONNECTION AT ECM CONNECTOR TERMINAL B5. 
© OPEN CIRCUIT BETWEEN ECM TERMINALS “D9” AND “D10”. 
IF “OK”: 
@ IGNITION “ON.” 
@ PROBE EACH INJECTOR HARNESS CONNECTOR TERMINAL 


WITH A TEST LIGHT TO GROUND. 
LIGHT “OFF” LIGHT “ON” 
BOTH TERMINALS. BOTH TERMINALS. 


IGNiTION “OFF.” REPAIR OPEN REPAIR SHORT TO 
RECONNECT INJECTOR IGNITION VOLTAGE CKT 467 
CONNECTOR CKT 439. AND RETEST WITH 
DISCONNECT C-D (32 PIN) OLD ECM. 

ECM CONNECTOR. 

IGNITION “ON.” 

PROBE CONNECTOR 

TERMINAL D16 WITHA 

TEST LIGHT TO GROUND. 


LIGHT “ON” LIGHT “OFF” 


FAULTY ECM FAULTY CONNECTION 
CONNECTION AT D16, OR OPEN CKT 467. 


OR FAULTY ECM. 


“ AFTER REPAIRS,” CONFIRM “CLOSED LOOP” OPERATION AND NO "CHECK ENGINE™ LIGHT. 5-26-90 
7S 3930-6E 
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CHART A-5 
FUEL PUMP RELAY CIRCUIT 


Circuit Description: 


When the ignition switch is turned “ON,” the Electronic Control Module (ECM) will turn “ON” the in-tank 
fuel pump. It will remain “ON” as long as the engine is cranking or running, and the ECM is receiving 
distributor reference pulses. If there are no reference pulses, the ECM will shut “OFF” the fuel pump within 2 
seconds after ignition “ON” or engine stops. 
The pump will deliver fuel to the TBI unit where the system pressure is controlled to about 62 to 90 kPa (9 to 
13 psi). Excess fuel is then returned to the fuel tank. 


Test Description: Number(s) below refer to circled 
number(s) on the diagnostic chart. 


1. 


Turns “ON” the fuel pump if CKT 120 wiring is 
OK. If the pump runs, it may be a fuel pump relay 
circuit problem, which the following steps will 
locate. 

The next two steps check for power and ground 
circuits to the relay. 


3. 
4. 


Determines if ECM can control the relay. 

The oil pressure switch serves as a backup for the 
fuel pump relay to help prevent a “no start” 
situation. If the fuel pump relay was found to be 
inoperative, the oil pressure switch circuit should 
also be tested to determine why it did not operate 
the fuel pump. 
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CHART A-5 
FUEL PUMP RELAY CIRCUIT 


REMOVE 12V FROM TEST TERMINAL OPEN IN CKT 120 OR CKT 150 TO THE FUEL 
IGNITION “OFF” FOR TEN SECONDS. PUMP OR FAULTY PUMP. 

IGNITION “ON.” LISTEN FOR IN TANK FUEL 

PUMP. PUMP SHOULD RUN FOR 2 SECONDS 

AFTER IGNITION ON. DOES IT? 


YES 


DISCONNECT PUMP RELAY. NO TROUBLE FOUND 
IGNITION “ON” ENGINE STOPPED. 

PROBE RELAY HARNESS-CONNECTOR TERMINAL 

CKT 440 WITH A TEST LIGHT TO GROUND. 


LIGHT” ON” LIGHT” OFF” 


CONNECT A TEST LIGHT BETWEEN HARNESS REPAIR OPEN 
CONNECTOR TERMINAL CKTS 450 AND 440. CKT 440. 


LIGHT” ON” LIGHT” OFF” 


CONNECT TEST LIGHT BETWEEN TERMINAL REPAIR OPEN GROUND CKT 450. 
CKT 465 AND GROUND. 

IGNITION “OFF” FOR 10 SECONDS. 

IGNITION “ON.” TEST LIGHT SHOULD LIGHT 

FOR 2 SECONDS. DOES IT? 


@ FAULTY CONNECTION AT RELAY TERMINAL “A” OR OPEN OR SHORT TO GROUND IN 
FAULTY RELAY. CKT 465 

IF ORIGINAL SYMPTOM WAS “ENGINE CRANKS BUT WILL OR 

NOT RUN,” CONTINUE TESTING OIL PRESSURE SWITCH. FAULTY ECM CONNECTIONS 
ENGINE AT NORMAL OPERATING TEMPERATURE. OR 
OIL PRESSURE NORMAL. ECM. 
DISCONNECT FUEL PUMP RELAY. ENGINE SHOULD 
CONTINUE TO RUN. DOES IT? 


RECONNECT FUEL PUMP RELAY. OPEN IN CKT 440 OR 120 TO 
IGNITION “OFF.” THE OIL PRESSURE SWITCH OR 


PROBE FUEL PUMP TEST FAULTY OIL PRESSURE SWITCH 


TERMINAL WITH A TEST LIGHT 
TO GROUND. 


NO LIGHT ; 
NO TROUBLE FOUND FAULTY OIL PRESSURE SWITCH 


“ AFTER REPAIRS,” CONFIRM “CLOSED LOOP” OPERATION AND NO “CHECK ENGINE” LIGHT. 4-19-90 


7S 3803-6E 
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CHART A-6 
FUEL SYSTEM PRESSURE TEST 


Circuit Description: 
When the fuel pump is running, fuel is delivered to the injector and then to the regulator where the system 
pressure is controlled to about 62 to 90 kPa (9 to 13 psi). Excess fuel is then returned to the fuel tank. 


Test Description: Number(s) below refer to circled 3. This test determines if the high fuel pressure is 


number(s) on the diagnostic chart. due to a restricted fuel return line or a throttle 
1. Pressure but less than 62 kPa (9 psi) falls into two body pressure regulator problem. 
areas: 


@ Regulated pressure but less than62kPa(9 psi) Diagnostic Aids: 
- Amount of fuel to injector OK but pressure is 
too low. System willbe leanrunningand may @ Fuel system is under pressure. To avoid fuel 


set Code 44. Also, hard starting cold and poor spilliage, refer to procedures in “Fuel Control” 
overall performance. section for testing or making repairs requiring 
@ Restricted flow causing pressure drop - disassembly of fuel lines or fittings. 


Normally, a vehicle with a fuel pressure of less 
than 62 kPa (9 psi) at idle will not be driveable. 
However, if the pressure drop occurs only 
while driving, the engine could surge then stop 
when pressure is too low. 

2. Restricting the fuel return line allows the fuel 
pump to develop its maximum pressure (dead head 
pressure). When battery voltage is applied to the 
pump test connector, pressure should be from 90 to 
124 kPa (13 to 18 psi). As the pressure gage outlet 
hose is gradually pinched. 


FUEL AND EMISSION CONTROL 6E-51 


CHART A-6 
FUEL SYSTEM PRESSURE TEST 


SEE “DIAGNOSTIC AIDS” BEFORE BEGINNING 


@ IGNITION “OFF” FOR TEN SECONDS. 

@ IGNITION “ON.” LISTEN FOR IN TANK FUEL 
PUMP. AFTER IGNITION IS “ON,” PUMP SHOULD 
RUN FOR 2 SECONDS. 

DOES IT? 


IGNITION “OFF.” 

FUEL TANK QUANTITY OK. 

INSTALL PRESSURE GAGE AS OUTLINED IN“ FUEL 
CONTROL” SECTION. 

IGNITION “ON,” NOTE PRESSURE WITHIN 2 SECONDS. 


: SEE FUEL PUMP RELAY : 
, CIRCUIT CHART A-5. 


FUEL PRESSURE IS 
62-90 kPa (9-13 psi) 
NO PROBLEM FOUND 
ABOVE 89 kPa (13 psi) 


DISCONNECT INJECTOR CONNECTOR. 


FUEL PRESSURE IS BELOW 62 kPa (9 psi) 
OR ABOVE 89 kPa (13 psi). 


Gd) LESS THAN 62 kPa (9 psi) 


INSTALL PRESSURE GAGE ON INLET SIDE OF FUEL 
FILTER AND REINSTALL FILTER OUTLET LINE. 
APPLY 12V TO TEST TERMINAL. 

NOTE PRESSURE. 


DISCONNECT FUEL RETURN LINE FLEXIBLE HOSE. 
ATTACH 5/16 I.D. FLEX HOSE TO THROTTLE BODY 
SIDE OF RETURN LINE. INSERT THE OTHER END IN 


AN APPROVED GASOLINE CONTAINER. 
NOTE FUEL PRESSURE WITHIN 2 SECONDS AFTER 
IGNITION “ON.” 


ABOVE 89 kPa (13 psi) 


CHECK FOR RESTRICTED FUEL 
LINE BETWEEN GAGE AND 
RETURN LINE FLEXIBLE HOSE 


IF LINE OK: REPLACE PRESSURE REGULATOR ASSEMBLY. 


LESS THAN 62 kPa (9 psi) ABOVE 62 kPa (9 psi) 


IGNITION “OFF.” 
DISCONNECT INJECTOR. 
APPLY 12 VOLTS TO FUEL 
PUMP TEST CONNECTOR. 
GRADUALLY PINCH PRESSURE 
GAGE OUTLET HOSE AND 
NOTE PRESSURE. 


ABOVE 89 kPa (13 psi) 


REPLACE PRESSURE 
REGULATOR ASSEMBLY. 


62-89 kPa (9-13 psi) 


LOCATE AND CORRECT 
RESTRICTED FUEL 
RETURN LINE TO TANK 


CHECK FOR RESTRICTED FUEL 
LINE FROM FUEL TANK TO 
GAGE OR FAULTY IN-TANK 

- FUEL PUMP 

- COUPLING HOSE 

- PUMP INLET FILTER 

- WRONG FUEL PUMP 


“ AFTER REPAIRS,” CONFIRM “CLOSED LOOP” OPERATION AND NO “CHECK ENGINE” LIGHT. 


6E-52 FUEL AND EMISSION CONTROL 


412 PPL OXYGEN (02) 
SENSOR SIGNAL 


413 TAN OXYGEN (0,) 
OXYGEN (0,) SENSOR : SENSOR GROUND 


EXHAUST ENGINE 
GROUND 


7-19-90 
4S 0790-6E 


CODE 13 | 
OPEN OXYGEN SENSOR CIRCUIT 


Circuit Description: 

The ECM supplies a voltage of about .45 volt between terminal “D7” and “E15”. (If measured with a 10 
megohm digital voltmeter, this may read as low as .32 volts.) The Og sensor varies the voltage within a range of 
about 1 volt if the exhaust is rich, down through about .10 volt if exhaust is lean. 

The sensor is like an open circuit and produces no voltage when it is below 315°C (600°F). An open sensor 
circuit or cold sensor causes “Open Loop” operation. 


Test Description: Number(s) below refer to circled Diagnostic Aids: 
number(s) on the diagnostic chart. 


1. Code 13 will set: Normal “Scan” voltage varies between 100 mV to 
@ Engine at normal operating temperature. 999 mV (.1 and 1.0 volts) while in “Closed Loop.” Code 
e Atleast 2 minutes engine time after start. 13 sets in one minute if voltage remains between .35 
@ Oxygen sensor signal voltage steady between and .55 volt, but the system will go “Open Loop” in 
.35 and .55 volts. about 15 seconds. Refer to ECM “Intermittents,” in 
@ Throttle position sensor signal above 4%. “Driveability Symptoms” section. 
@ All conditions must be met for about 60 ‘ 
seconds. 


If the conditions for a Code 13 exist, the system 
will not go “Closed Loop.” 

2. This will determine if the sensor is at fault or the 
wiring or ECM is the cause of Code 13. 

3. In doing this test, use only a high impedance 
digital volt ohmmeter. This test checks the 
continuity of CKT’s 412 and 413 because if CKT 
413 is open the ECM voltage on CKT 412 will be 
over .6 volts (600 mV). 
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CODE 13 
OPEN OXYGEN SENSOR CIRCUIT 


G) ENGINE AT NORMAL OPERATING TEMPERATURE (ABOVE 80°C/176°F). 
@ RUN ENGINE ABOVE 1200 RPM FOR TWO MINUTES. 
@ DOES TECH 1 TOOL INDICATE “CLOSED LOOP”? 


DISCONNECT O, SENSOR. CODE 13 IS INTERMITTENT. IF NO ADDITIONAL 
JUMPER HARNESS CKT 412 (ECM SIDE) TO CODES WERE STORED, REFER TO 

GROUND. “DIAGNOSTIC AIDS” ON FACING PAGE. 

TECH 1 SHOULD DISPLAY O, VOLTAGE BELOW .2 

VOLT (200 mv) WITH ENGINE RUNNING. 

DOES IT? 


REMOVE JUMPER. FAULTY O, SENSOR CONNECTION 
IGNITION “ON,” ENGINE “OFF.” OR 

CHECK VOLTAGE OF CKT 412 (ECM SIDE) AT O, SENSOR. 

SENSOR HARNESS CONNECTOR USING A DVM. 


-3-.6 VOLT OVER .6 VOLT LESS THAN .3 
(300 - 600 mv) (600 mv) VOLT (300 mV) 


FAULTY ECM. OPEN CKT 413 my CKT 412 


OR 
FAULTY CONNECTION FAULTY ECM CONNECTION 


OR OR 
FAULTY ECM. FAULTY ECM. 


” AFTER REPAIRS,” REFER TO CODE CRITERIA ON FACING PAGE AND CONFIRM CODE DOES NOT RESET. 10-1-90 
© 7S 3054-6E 


6E-54 FUEL AND EMISSION CONTROL 


COOLANT TEMPERATURE 


COOLANT TEMPERATURE 


SIGNAL 


VOLT 
410 YEL 2 


452 BLK SENSOR 


GROUND 


10-30-90 
Ms 10921 


CODE 14 


COOLANT TEMPERATURE SENSOR (CTS) CIRCUIT 
(HIGH TEMPERATURE INDICATED). 


Circuit Description: 


The Coolant Temperature Sensor (CTS) uses a thermistor to control the signal voltage to the ECM. The ECM 
applies a voltage on CKT 410 to the sensor. When the engine is cold the sensor (thermistor) resistance is high, 


therefore the ECM will see high signal voltage. 


As the engine warms, the sensor resistance becomes less, and the voltage drops. At normal engine operating 
temperature (85°C to 95°C) the voltage will measure about 1.5 to 2.0 volts. 


Test Description: Number(s) below refer to circled 

number(s) on the diagnostic chart. 

1. Code 14 will set if: 
@ Signal voltage indicates a coolant temperature 

above 130°C (266°F) for 3 seconds. 

2. This test will determine if CKT 410 is shorted to 
ground which will cause the conditions for Code 
14. 


Diagnostic Aids: 


Check harness routing for a potential short to 
ground in CKT 410. 

“Scan” tool displays engine temperature in degrees 
centigrade. After engine is started, the temperature 
should rise steadily to about 90°C then stabilize when 
thermostat opens. 

See “Intermittents” in “Driveability Symptoms” 
section 

The “Temperature vs. Resistance Value” scale at 
the right may be used to test the coolant sensor at 
various temperature levels to evaluate the possibility 
of a “skewed” (mis-scaled) sensor. A “skewed” sensor 
could result in poor driveability complaints. 
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CODE 14 


COOLANT TEMPERATURE SENSOR (CTS) CIRCUIT 
(HIGH TEMPERATURE INDICATED) 


DOES TECH 1 DISPLAY COOLANT 
TEMPERATURE OF 130°C (266°F) OR HIGHER? 


@ DISCONNECT COOLANT CODE 1415S INTERMITTENT. IF NO 
TEMPERATURE SENSOR. ADDITIONAL CODES WERE STORED, REFER 
TECH 1 SHOULD DISPLAY COOLANT TO “DIAGNOSTIC AIDS” ON FACING PAGE. 
TEMPERATURE BELOW -30°C (-22°F). 

DOES IT? 


CKT 410 SHORTED TO GROUND 


OR 
CKT 410 SHORTED TO SENSOR GROUND CIRCUIT 


OR 
FAULTY ECM. 


COOLANT SENSOR 


TEMPERATURE VS. RESISTANCE VALUES 
(APPROXIMATE) 


177 
241 
332 
467 
667 
973 
1188 
1459 
1802 
2238 
2796 
3520 
4450 
5670 
7280 
9420 
12300 
16180 
21450 
28680 
52700 
100700 


“ AFTER REPAIRS,” REFER TO CODE CRITERIA ON FACING PAGE AND CONFIRM CODE DOES NOT RESET. 2-22-90 
© 7S 3055-6E 


6E-56 FUEL AND EMISSION CONTROL 


COOLANT TEMPERATURE 


COOLANT TEMPERATURE 


SIGNAL 


410 YEL S¥ou 


452 BLK SENSOR 


GROUND 


10-30-90 
MS 10921 


CODE 15 


COOLANT TEMPERATURE SENSOR (CTS) CIRCUIT 
(LOW TEMPERATURE INDICATED) 


Circuit Description: 


The Coolant Temperature Sensor (CTS) uses a thermistor to control the signal voltage to the ECM. The ECM 
applies a voltage on CKT 410 to the sensor. When the engine is cold the sensor (thermistor) resistance is high, 


therefore the ECM will see high signal voltage. 


As the engine warms, the sensor resistance becomes less, and the voltage drops. A normal engine operating 
temperature (85°C to 95°C) the voltage will measure about 1.5 to 2.0 volts. 


Test Description: Number(s) below refer to circled 

number(s) on the diagnostic chart. 

1. Code 15 will set if: 

@ Signal voltage indicates a coolant temperature 
less than -44°C (-47°F) for 3 seconds. 

2. This test simulates a Code 14. If the ECM 
recognizes the low signal voltage, (high temp.) and 
the “Scan” reads 130°C or above, the ECM and 
wiring are OK. 

3. This test will determine if CKT 410 is open. There 
should be 5 volts present at sensor connector if 
measured with a DVOM. 


Diagnostic Aids: 


A “Scan” tool reads engine temperature in degrees 
centigrade. After engine is started, the temperature 
should rise steadily to about 90°C then stabilize when 
thermostat opens. 

A faulty connection, or an open in CKT 410 or CKT 
452 will result in a Code 15. 

See “Intermittents” in “Driveability Symptoms” 
section. 

The “Temperature To Resistance Value” scale at 
the right may be used to test the coolant sensor at 
various temperature levels to evaluate the possibility 
of a “skewed” (mis-scaled) sensor. A “skewed” sensor 
could result in poor driveability complaints. 
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CODE 15 


COOLANT TEMPERATURE SENSOR (CTS) CIRCUIT 
(LOW TEMPERATURE INDICATED) 


G) © DOES TECH 1 DISPLAY COOLANT TEMPERATURE OF -30°C (-22°F) OR LESS? 
YES NO 


DISCONNECT COOLANT TEMPERATURE SENSOR. CODE 15 1S INTERMITTENT. IF NO 

JUMPER HARNESS TERMINALS TOGETHER. ADDITIONAL CODES WERE STORED, REFER 
TECH 1 SHOULD DISPLAY 130°C (266°F) OR MORE. TO “DIAGNOSTIC AIDS” ON FACING PAGE. 
DOES IT? 


YES 
@ JUMPER CKT 410 TO GROUND. FAULTY CONNECTION OR COOLANT 
@ TECH 1 SHOULD DISPLAY OVER 130°C (266 °F). TEMPERATURE SENSOR. 


DOES IT? 


OPEN COOLANT TEMPERATURE OPEN CKT 410, FAULTY 
SENSOR GROUND CIRCUIT, FAULTY CONNECTION AT ECM, OR 
CONNECTION OR FAULTY ECM. FAULTY ECM. 


DIAGNOSTIC AID 


COOLANT SENSOR 
TEMPERATURE VS. RESISTANCE VALUES 
(APPROXIMATE) 


100700 


“ AFTER REPAIRS,” REFER TO CODE CRITERIA ON FACING PAGE AND CONFIRM CODE DOES NOT RESET. 2-22-90 
© 7S 3261-6E 


6E-58 FUEL AND EMISSION CONTROL 


THROTTLE 
POSITION 
SENSOR 


5V 
REFERENCE 


416 GRY 


417 DK BLU TPS SIGNAL 


att | SENSOR GROUND 


452 BLK 


4-6-90 
MS 9528 


CODE 21 


THROTTLE POSITION SENSOR (TPS) CIRCUIT 
(SIGNAL VOLTAGE HIGH) 


Circuit Description: 


The Throttle Position Sensor (TPS) provides a voltage signal that changes relative to the throttle blade angle. 
Signal voltage will vary from about .5 volt at idle to about 5 volts at wide open throttle. 
The TPS signal is one of the most important inputs used by the ECM for fuel control and for most of the ECM 


control outputs. 


Test Description: Number(s) below refer to circled 
number(s) on the diagnostic chart. 
1. Code 21 will set if: 

@ Engine running. 

@ TPS signal voltage is greater than about 3.5 


volts. 
-@ All conditions met for 5 seconds. 
OR 
@ TPS signal voltage over 4.5 volts with ignition 
“ON.” 


With throttle closed, the TPS should read less than 
.70 volt. If it doesn’t, check adjustment. 

2. With the TPS sensor disconnected, the TPS voltage 
should go low if the ECM and wiring is OK. 

3. Probing CKT 452 with a test light checks the 5 
volts return circuit, because a faulty 5 volts return 
will cause a Code 21. 


Diagnostic Aids: 


A “Scan” tool reads throttle position in volts. 
Should read about .73 volt + .75 volt with throttle 
closed and ignition “ON” or at idle. Voltage should 
increase at a steady rate as throttle is moved toward 
WOT. 

Also some “Scan” tools will read throttle angle 
.0% = closed throttle 100% = WOT. 

Refer to “Intermittents,” in “Driveability 
Symptoms” section. 

“Scan” TPS while depressing accelerator pedal 
with engine stopped and ignition “ON.” Display 
should vary from below 1.5 volts (1500 mV) when 
throttle was closed, to over 4.5 volts (4500 mV) when 
throttle is held at wide open throttle position. 

Refer to “Driveability Symptoms” section. 
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CODE 21 


THROTTLE POSITION SENSOR (TPS) CIRCUIT 
(SIGNAL VOLTAGE HIGH) 


@ THROTTLE CLOSED. 
DOES TECH 1 DISPLAY THROTTLE 
POSITION OVER 2.5 VOLTS? 


@ DISCONNECT THROTTLE POSITION SENSOR. CODE 21 1S INTERMITTENT. IF NO ADDITIONAL CODES WERE 
TECH 1 SHOULD DISPLAY THROTTLE STORED, REFER TO “DIAGNOSTIC AIDS” ON FACING PAGE. 


POSITION BELOW .2 VOLT (200mV). 
DOES IT? 


@ PROBE SENSOR GROUND CIRCUIT TPS SIGNAL CIRCUIT SHORTED TO VOLTAGE 


WITH A TEST LIGHT CONNECTED TO OR 
BATTERY VOLTAGE . FAULTY ECM. 


LIGHT “ON” , LIGHT “OFF” 


FAULTY CONNECTION ag SENSOR GROUND CIRCUIT 


OR 


THROTTLE POSITION SENSOR. FAULTY ECM. 


“ AFTER REPAIRS,” REFER TO CODE CRITERIA ON FACING PAGE AND CONFIRM CODE DOES NOT RESET. 4-26-90 
© 7S 3057-6E 


6E-60 FUEL AND EMISSION CONTROL 


THROTTLE 
POSITION 
SENSOR 


5V 


416 GRY REFERENCE 


417 DK BLU 


452 BLK 


att | SENSOR GROUND 


4-6-90 
MS 9528 


CODE 22 


THROTTLE POSITION SENSOR (TPS) CIRCUIT 
(SIGNAL VOLTAGE LOW) 


Circuit Description: 


The Throttle Position Sensor (TPS) provides a voltage signal that changes relative to the throttle blade angle. 
Signal voltage will vary from about .5 volts at idle to about 5 volts at Wide Open Throttle (WOT). 
The TPS signal is one of the most important inputs used by the ECM for fuel control and for most of the ECM 


control outputs. 


Each time the TPS voltage drops below 1.25 volts and stops, the ECM assumes this value is 0% throttle angle 


and measures throttle percentage from this point on. 


Test Description: Number(s) below refer to circled 

number(s) on the diagnostic chart. 

1. This step checks to see if Code 22 is the result of a 
hard failure or an intermittent condition. 

Code 22 will set if: 

@ Engine running. 

@ TPSsignal voltage is less than about .2 volt for 
2 seconds. 

2. Simulates Code 21: (high voltage) - If the ECM 
recognizes the high signal voltage, the ECM and 
wiring are OK. 

3. The ECM recognizes the voltage as over 4 volts, 
indicating the CKT 417 and the ECM are OK. 

4. This simulates a high signal voltage to check for 
an open in CKT 417. 

5. If CKT 416 is shorted to ground, there may also be 
a stored Code 34. 


Diagnostic Aids: 


A “Scan” tool reads throttle position in volts. 
Should read about .45 volt to .95 volt with throttle 
closed and ignition “ON” or at idle. Voltage should 
increase at a steady rate as throttle is moved toward 
Wide Open Throttle (WOT). 

An open or short to ground in CKT 416 or 417 will 
result in a Code 22. 

Refer to “Intermittents,” in “Driveability 
Symptoms” section. 

“Scan” TPS while depressing accelerator pedal 
with engine stopped and ignition “ON.” Display 
should vary from below 1.25 volts (1250 mV) when 
throttle was closed, to over 4.5 volts (4500 mV) when 
throttle is held at Wide Open Throttle (WOT) position. 
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CODE 22 


THROTTLE POSITION SENSOR (TPS) CIRCUIT 
(SIGNAL VOLTAGE LOW) 


@ THROTTLE CLOSED. 
DOES TECH 1 DISPLAY THROTTLE POSITION 
.2V (200 mV) OR BELOW? 


@ DISCONNECT TPS SENSOR. @ CODE 221S INTERMITTENT. 
@ JUMPER CKTs 416 & 417 TOGETHER. IF NO ADDITIONAL CODES WERE STORED, REFER TO 


TECH 1 SHOULD DISPLAY THROTTLE POSITION “DIAGNOSTIC AIDS” ON FACING PAGE. 
OVER 4.0V (4000 mv). 
DOES IT? 


YES 


@ PROBE CKT 417 WITH A TEST LIGHT G) @ REPLACE TPS. 


CONNECTED TO BATTERY VOLTAGE. 
TECH 1 SHOULD DISPLAY THROTTLE 
POSITION OVER 4.0V (4000 mV). 
DOES IT? 


G) CKT 416 OPEN OR SHORTED TO GROUND CKT 417 OPEN OR SHORTED TO GROUND, 


OR OR 
FAULTY CONNECTION SHORTED TO THROTTLE POSITION SENSOR GROUND CIRCUIT 


OR OR 
FAULTY ECM. FAULTY ECM CONNECTION 


OR 
FAULTY ECM. 


“ AFTER REPAIRS,” REFER TO CODE CRITERIA ON FACING PAGE AND CONFIRM CODE DOES NOT RESET. 6-6-90 
MS 9565-6E 


6E-62 FUEL AND EMISSION CONTROL 


INTAKE AIR 
TEMPERATURE 
SENSOR 


IAT SENSOR 
SIGNAL 


472 TAN 5 VOLT 


469 BLK/RED 
SENSOR 


GROUND 
TO MAP 


SENSOR 


5-22-90 
7S 3692-6E 


CODE 23 


INTAKE AIR TEMPERATURE (IAT) SENSOR CIRCUIT 
(LOW TEMPERATURE INDICATED) 
Circuit Description: 

The Intake Air Temperature (IAT) sensor located on the intake manifold uses a thermistor to control the 
signal voltage to the ECM. The ECM applies a voltage (4-6 volts) on CKT 472 to the sensor. When the air is cold, © 
the sensor (thermistor) resistance is high, therefore the ECM will see a high signal voltage. If the air is warm, 
the sensor resistance is low therefore the ECM will see a low voltage. 


Test Description: Number(s) below refer to circled | Diagnostic Aids: 
number(s) on the diagnostic chart. 
1. Code 23 will set if all conditions are met: A “Scan” tool reads temperature of the air entering 
e A signal voltage indicates a intake air the engine and should read close to ambient air 
temperature below -30°C (-22°F) for 12 temperature when engine is cold, and rises as 


seconds. underhood temperature increases. 
@ Time since engine start is 1 minute or longer. Carefully check harness and connections for 
@ No VSS (vehicle not moving). possible open CKT 472 or 452. 
2. A Code 23 will set, due to an open sensor, wire, or Refer to “Intermittents,” in “Driveability 
connection. This test will determine if the wiring Symptoms” section. 
and ECM are OK. The “Temperature to Resistance Value” scale at 
3. This will determine if the signal CKT 472 or the the right may be used to test the IAT sensor at various 
5 volt return CKT 452 is open. temperature levels to evaluate the possibility of a 


“skewed” (mis-scaled) sensor. A “skewed” sensor could 
result in poor driveability complaints. 


FUEL AND EMISSION CONTROL 6E-63 


CODE 23 


INTAKE AIR TEMPERATURE (IAT) SENSOR CIRCUIT 
(LOW TEMPERATURE INDICATED) 


(1) @ DOES TECH 1 “SCAN” TOOL DISPLAY IAT -30°C (-22°F) OR COLDER? 


© DISCONNECT SENSOR. CODE 23 1S INTERMITTENT. IF NO 
@ JUMPER HARNESS TERMINALS atic eaens SenERa 


TOGETHER. STORED, REFERTO “DIAGNOSTIC 
DISPLAY TEMPERATURE OVER 

130°C (266°F). 

DOES IT? 


YES 


@ JUMPER CKT 472 TO GROUND. 
FAULTY CONNECTION OR SENSOR. e@ TECH 1 “SCAN” TOOL SHOULD 


DISPLAY TEMPERATURE OVER 
130°C (266°F). 
DOES IT? 


OPEN SENSOR OPEN CKT 472, 
GROUND CIRCUIT, FAULTY CONNECTION 
FAULTY CONNECTION OR FAULTY ECM. 
OR FAULTY ECM. 

DIAGNOSTIC AID 


IAT SENSOR 


TEMPERATURE VS. RESISTANCE VALUES 
(APPROXIMATE) 


25,000 
100,700 


“ AFTER REPAIRS,” REFER TO CODE CRITERIA ON FACING PAGE AND CONFIRM CODE DOES NOT RESET. 3-2-90 
©7S 3285-6E 


6E-64 FUEL AND EMISSION CONTROL 


** VEHICLE SPEED SIGNAL + 437 BRN A190 | 12 VOLT 


P/N SWITCH 
A/T ONLY 


ie 450 BLKWHT —® ~e— 434 ORN/BLK B10 | 12 VOLT 


CLOSED IN 
—- PARK OR NEUTRAL 
2-1-90 
7S 3693-6E 


CODE 24 
VEHICLE SPEED SENSOR (VSS) CIRCUIT FAULT 
Circuit Description: 


The ECM applies and monitors 12 volts on CKT 437. CKT 437 connects to the Vehicle Speed Sensor (VSS) 
which alternately grounds CKT 437 when drive wheels are turning. This pulsing action takes place about 2000 
times per mile and the ECM will calculate vehicle speed based on the time between “pulses.” 

A “Scan” tool reading should closely match with speedometer reading with drive wheels turning. 


Test Description: Number(s) below refer to circled 3. Asteady 8-12 volts at the ECM connector indicates 


number(s) on the diagnostic chart. CKT 437 is open or a faulty Vehicle Speed Sensor. 
Code 24 will set if: 4. This is normal voltage which indicates a possible 

@® CKT 437 voltage is constant. intermittent condition. 

@ Engine speed between 900 and 4400 rpm. 

@ Less than 2% throttle opening. Diagnostic Aids: 

@ Low load condition (low air flow). 

@ Notin park or neutral. 1. “Scan” reading should closely match with 

e Allconditions must be met for 3 seconds. speedometer reading, with drive wheels turning. 

These conditions are met during a road load 2. Check park/neutral switch diagnosis chart. 
deceleration. 3. If park/neutral switch is OK. refer to 
1. This test monitors the ECM voltage on CKT 437. “Intermittents” in “Driveability Symptoms” 


With the wheels turning, the pulsing action will section. 
result in a varying voltage. The variation will be 

greater at low wheel speeds to an average of 4-6 

volts at about 20 mph (32 km/h). 

2. A voltage of less than 1 volt at the ECM connector 
indicates that the CKT 437 wire is shorted to 
ground. Disconnect CKT 437 at the Vehicle Speed 
Sensor. If voltage now reads about 10 volts, the 
Vehicle Speed Sensor is faulty. If voltage remains 
less than 10 volts, then CKT 437 wire is grounded. 
If CKT 437 is not grounded, check for a faulty 
ECM connector or ECM. 


FUEL AND EMISSION CONTROL 6E-65 


CODE 24 
VEHICLE SPEED SENSOR (VSS) CIRCUIT FAULT 


DISREGARD CODE 24 IF SET WHILE DRIVE WHEELS ARE NOT TURNING. 


ASSUMES SPEEDOMETER IS WORKING OK. 

CRUISE CONTROL “OFF”. 

RAISE DRIVE WHEELS. 

WITH ENGINE IDLING IN GEAR, “SCAN” SHOULD DISPLAY MPH 
ABOVE 0. 

DOES IT? 


BACK PROBE ECM CONNECTOR, CKT 437, 
WITH VOLTMETER TO GROUND AND DRIVE 
WHEELS STILL TURNING. 


@) LESS THAN 1 VOLT G) 5 TO 12 VOLTS, NOT VARYING @) 0 TO 10 VOLTS 
AND VARYING 


@ DISCONNECT CONNECTOR - CHECK CONNECTIONS AT VSS. 
AT VSS ASSY. RECHECK - CHECK FOR OPEN CKT 437. 
VOLTAGE AT ECM. - CHECK FOR 12V AND GND AT VSS. CODE 241S INTERMITTENT. IF NO 
- FAULTY VSS. ADDITIONAL CODES WERE STORED, 
REFER TO DIAGNOSTIC AIDS ON 
FACING PAGE. 


LESS THAN 1 VOLT 5 T0 12 VOLTS 


DISCONNECT A-B ECM FAULTY VSS ASSY. 


CONNECTOR. WITH A TEST LIGHT 
TO 12 VOLTS, PROBE CKT 437. 
IS THERE A LIGHT? 


CHECK CKT 437 FOR ECM CONNECTIONS 
SHORT TO GROUND, OR ECM. 
INCLUDING WIRE TO 

CRUISE CONTROL. 


“ AFTER REPAIRS,” REFER TO CODE CRITERIA ON FACING PAGE AND CONFIRM CODE DOES NOT RESET. 


6E-66 FUEL AND EMISSION CONTROL 


INTAKE AIR 
TEMPERATURE 
SENSOR 


IAT SENSOR 
SIGNAL 


472 TAN 5 VOLT 


469 BLK/RED 
SENSOR 


GROUND 
TO MAP 
SENSOR 


5-22-90 
7S 3692-6E 


CODE 25 


INTAKE AIR TEMPERATURE (IAT) SENSOR 
(HIGH TEMPERATURE INDICATED) 
Circuit Description: 

The Intake Air Temperature (IAT) Sensor uses a thermistor to control the signal voltage to the ECM. The 
ECM applies a voltage (4-6 volts) on CKT 472 to the sensor. When the air is cold, the sensor (thermistor) 
resistance is high, therefore the ECM will see a high signal voltage. As the air warms, the sensor resistance 
becomes less, and the voltage drops. 


Test Description: Number(s) below refer to circled | Diagnostic Aids: 
number(s) on the diagnostic chart. 
1. Code 25 will set if: A “Scan” tool reads temperature of the air entering 
e Signal voltage indicates a Intake Air the engine and should read close to ambient air 
Temperature (IAT) below 150°C (302°F) for 2 temperature when engine is cold and rises as 


seconds. underhood temperature increases. 
‘@ ~=Time since engine start is 1 minute or longer. Check harness routing for possible short to ground 
e@ A vehicle speed is present. in CKT 472. 
Refer to “Driveability Symptoms” section for 
“Intermittents.” 


The “Temperature to Resistance Value” scale at 
the right may be used to test the IAT sensor at various 
temperature levels to evaluate the possibility of a 
“skewed” (mis-scaled) sensor. A “skewed” sensor could 
result in poor driveability complaints. 
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CODE 25 


INTAKE AIR TEMPERATURE (IAT) SENSOR 
(HIGH TEMPERATURE INDICATED) 


@ DOES TECH 1 “SCAN” TOOL DISPLAY IAT OF 145°C (293°F) OR HOTTER? 


DISCONNECT SENSOR. CODE 25 1S INTERMITTENT. 

TECH 1 “SCAN” TOOL SHOULD DISPLAY IF NO ADDITIONAL CODES WERE 
TEMPERATURE BELOW -30°C (-22°F). -STORED, REFER TO “DIAGNOSTIC 
DOES IT? AIDS” ON FACING PAGE. 


REPLACE SENSOR. ° CKT 472 SHORTED TO GROUND, 
OR TO SENSOR GROUND, 


OR ECM IS FAULTY. 


DIAGNOSTIC AID 


|AT SENSOR 


TEMPERATURE VS. RESISTANCE VALUES 
(APPROXIMATE) 


450 
1,800 
3,400 
7,500 

13,500 
25,000 
100,700 


“AFTER REPAIRS,” REFER TO CODE CRITERIA ON FACING PAGE AND CONFIRM CODE DOES NOT RESET. 3-2-90 
© 7S 3190-6E 
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— 


TO EGR VALVE 
—— ie PORTED MANIFOLD VACUUM 


EGR SOLENOID 
N.C. 


EGR DRIVER 


PNK/BLK 
GRY 435 


10-30-90 
MS 10922 


CODE 32 
EXHAUST GAS RECIRCULATION (EGR) SYSTEM FAILURE 


Circuit Description: 

The ECM operates a solenoid to control the Exhaust Gas Recirculation (EGR) valve. This solenoid is 
normally closed. By providing a ground path, the ECM energizes the solenoid which then allows vacuum to pass 
to the EGR valve. 

The ECM monitors EGR effectiveness by de-energizing the EGR control solenoid thereby shutting “OFF” 
vacuum to the EGR valve diaphragm. With the EGR valve closed, and Og sensor voltage fluctuating normally 
fuel integrator counts will be greater than they were during normal EGR operation. If the change is not within 
the calibrated window a Code 32 will be set. 

The ECM will check EGR operation when: 

@ Vehicle speed is above 50 mph. 

@ Engine vacuum is between 15 and 55 kPa. 

@ Nochange in throttle position while test is being run. 


Test Description: Number(s) below refer to circled 4. This vehicle must be driven during this test in 


number(s) on the diagnostic chart. order to produce sufficient engine load to operate 

1. With the ignition “ON,” engine stopped, the the EGR. Lightly accelerating (approximately 1/4 
solenoid should not be energized and vacuum throttle) will produce a large and stable enough 
should not pass to the EGR valve. Grounding the reading to determine if the ECM is commanding 
diagnostic terminal will energize the solenoid and the system “ON.” 


allow vacuum to pass to valve. 
2. Checks for plugged EGR passages. If passagesare Diagnostic Aids: 
plugged, the engine may have severe detonation 


on acceleration. ® Before replacing ECM, use an ohmmeter and 
3. The “Check Engine” light should also flash while check the resistance of each ECM controlled relay 
the diagnostic terminal is grounded. If the light and solenoid coil. For example: TCC, etc., refer to 
does not flash, this may indicate that the “Quad- “ECM QDR Check Procedure.” See “ECM Wiring 
Driver” has been damaged by low resistance in Diagram” for coil terminal ID of solenoid(s) and 
TCC circuit. relay(s) to be checked. Replace any solenoid where 


resistance measures less than 20 ohms. 
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CODE 32 
EXHAUST GAS RECIRCULATION (EGR) SYSTEM FAILURE 


IF ANY OTHER CODES ARE STORED, DIAGNOSE THEM FIRST. 
IF VEHICLE EXHIBITS A ROUGH OR INCORRECT IDLE, REPAIR IDLE 
COMPLAINT FIRST. SEE “DRIVEABILITY SYMPTOMS” SECTION. 


NOTICE: DISCONNECT TECH 1 WHEN USING THIS CHART. 


® 


DISCONNECT EGR SOLENOID VACUUM HOSE (MANIFOLD SIDE). 

CHECK VACUUM SOURCE TO SOLENOID (IF NOT OK, REPAIR). 

CHECK VACUUM HOSE BETWEEN SOLENOID AND VALVE FOR RESTRICTIONS. 

INSTALL A HAND HELD VACUUM PUMP WITH GAGE ON MANIFOLD SIDE OF EGR SOLENOID. 
IGNITION “ON,” ENGINE STOPPED. 

DIAGNOSTIC TERMINAL GROUNDED. 

APPLY VACUUM. 

OBSERVE EGR VALVE. 

VALVE SHOULD MOVE. DOES IT? 


(3) IS “CHECK ENGINE” LIGHT FLASHING? @ PLUG VACUUM HOSE FROM THROTTLE BODY. 
@ REMOVE GROUND FROM DIAGNOSTIC TERMINAL. 


@ START AND IDLE ENGINE. 
@ LIFTUP ON EGR VALVE AND OBSERVE IDLE. 


NO CHANGE 


INSTALL A VACUUM GAGE IN REFER TO RECONNECT EGR SOLENOID. @ REMOVE EGR 

VACUUM LINE AT VALVE. “DIAGNOSTIC CONNECT VACUUM GAGE TO VALVE. 

REPEAT TEST. AIDS” ON VACUUM HOSE AT EGR VALVE, @ CHECK PASSAGES 

DOES GAGE INDICATE VACUUM? | | FACING PAGE. ENGINE AT NORMAL OPERATING FOR BEING 
TEMPERATURE. PLUGGED. IF NOT 
PUT TRANSMISSION IN GEAR. + PLUGGED REPLACE 

LIGHTLY ACCELERATE FROM A STOP. EGR VALVE. 

OBSERVE VACUUM GAGE, SHOULD 


@ DISCONNECT SOLENOID REPLACE BE LESS THAN 10” VACUUM. 
CONNECTOR. EGR VALVE. 


@ PROBE HARNESS CONNECTOR 
TERMINAL “A” WITH A TEST 
LIGHT TO GROUND. 


LIGHT “ON” LIGHT “OFF” NOT OK 
CONNECT A TEST LIGHT REPAIR OPEN NO TROUBLE FOUND. SEE OVER 10” VACUUM 
IN CKT 439. 


BETWEEN HARNESS CONNECTOR “INTERMITTENTS,” IN 


TERMINALS “A” &“D”. “DRIVEABILITY SYMPTOMS” REPLACE EGR FILTER. 
SECTION. 
LIGHT “ON” ‘ LIGHT “OFF” 


@ CONNECT TEST LIGHT BETWEEN REPAIR OPEN IN 
HARNESS CONNECTOR GROUND CIRCUIT. 
TERMINALS “A” & “B”. 

@ GROUND DIAGNOSTIC 


TERMINAL. 


LIGHT “ON” ’ LIGHT “OFF” 


REPLACE SOLENOID. OPEN CKT 435 OR FAULTY ECM. SEE 
“DIAGNOSTIC AIDS” ON FACING PAGE. 


” AFTER REPAIRS,” REFER TO CODE CRITERIA ON FACING PAGE AND CONFIRM CODE DOES NOT RESET. MS ioe 
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416 GRY 


an 432 LT GRN 
PRESSURE 


(VACUUM) SENSOR 


GROUND 


469 BLK/ ORN OR 
469 BLK/RED 


10-30-90 
MS 10923 


CODE 33 


MANIFOLD ABSOLUTE PRESSURE (MAP) SENSOR CIRCUIT 
SIGNAL VOLTAGE HIGH 
(LOW VACUUM) 
Circuit Description: 

The Manifold Absolute Pressure (MAP) sensor responds to changes in manifold pressure (vacuum). The ECM 
receives this information as a signal voltage that will vary from about 1 to 1.5 volts at closed throttle (idle) to 4- 
4.6 volts at Wide Open Throttle (WOT) (low vacuum). 

If the MAP sensor fails, the ECM will substitute a fixed MAP value and use the Throttle Position Sensor 
(TPS) to control fuel delivery. 


Test Description: Number(s) below refer to circled 
number(s) on the diagnostic chart. 
1. This step will determine if Code 33 is the result of 
a hard failure or an intermittent condition. 
A Code 33 will set under the following conditions: 
@e MAPsignal voltage is too high (low vacuum). 
TPS less than 4%. 


A Code 33 will result if CKT 455/469 is open or if 
CKT 432 is shorted to voltage or to CKT 416. 
If Code 33 is intermittent, refer to “Driveability 
Symptoms” section. 
@ Check all connections. 
@ Disconnect sensor from bracket and twist sensor 
connections. Output changes greater than .1 volt 


« 

@ These conditions exist longer than 5 seconds. 

@ Engine misfire or a low unstable idle may set 
Code 33. 

This step simulates conditions for a Code 34. Ifthe 

ECM recognizes the change, the ECM and CKT 

416 and CKT 432 are OK. If CKT 455/469 is open, 

there may also be a stored Code 23. 


Diagnostic Aids: 


With the ignition “ON” and the engine stopped, 


the manifold pressure is equal to atmospheric pressure 
and the signal voltage will be high. This information 
is used by the ECM as an indication of vehicle altitude. 
Comparison of this reading with a known good vehicle 
with the same sensor is a good way to check accuracy 
of a “suspect” sensor. Readings should be the same + 


.4 volt. 


indicates a bad connector or connection. If OK, 
replace sensor. 


NOTE: Make sure electrical connector remains 
securely fastened. 


Refer to “MAP Output Check” in “Computer 
Command Control” section for further diagnosis. 
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CODE 33 


MANIFOLD ABSOLUTE PRESSURE (MAP) 


SENSOR CIRCUIT SIGNAL VOLTAGE HIGH 
(LOW VACUUM) 


IF ENGINE IDLE IS ROUGH, UNSTABLE OR INCORRECT OR IF MANIFOLD 
VACUUM, AT IDLE, IS BELOW 15”, CORRECT BEFORE USING CHART. 
SEE "DRIVEABILITY SYMPTOMS” SECTION. 

ENGINE IDLING. 

DOES “SCAN” DISPLAY A MAP OF 4.0 VOLTS OR OVER? 


IGNITION “OFF.” CODE 33 IS INTERMITTENT. IFNO 
DISCONNECT MAP SENSOR ELECTRICAL CONNECTOR. ADDITIONAL CODES WERE STORED, REFER 
IGNITION “ON.” TO “DIAGNOSTIC AIDS” ON FACING PAGE. 
“SCAN” SHOULD READ A VOLTAGE OF 1 VOLT ORLESS. 

DOES IT? 


@ PROBE CKT 469 WITH A TEST LIGHT TO 12 VOLT. CKT 432 SHORTED TO VOLTAGE 


@ TEST LIGHT SHOULD LIGHT. OR 
DOES IT? SHORTED TO CKT 416 


OR 
FAULTY ECM. 


PLUGGED OR LEAKING SENSOR VACUUM HOSE OPEN CIRCUIT 469. 


OR 
FAULTY MAP SENSOR. REFER TO “DIAGNOSTIC 
AIDS” ON FACING PAGE. 


“ AFTER REPAIRS,” REFER TO CODE CRITERIA ON FACING PAGE AND CONFIRM CODE DOES NOT RESET. 10-30-90 
MS 10924 
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MANIFOLD 
ABSOLUTE 
PRESSURE 
(VACUUM) 


416 GRY 


| C11 | MAP SIGNAL 


432 LT GRN 


SENSOR 


469 BL RN 
69 BLK/ ORN OR GROUND 


469 BLK/RED 


10-30-90 
MS 10923 


CODE 34 


MANIFOLD ABSOLUTE PRESSURE (MAP) SENSOR CIRCUIT 


SIGNAL VOLTAGE LOW 
(HIGH VACUUM) 


Circuit Description: 


The Manifold Absolute Pressure (MAP) sensor responds to changes in manifold pressure (vacuum). The ECM 
receives this information as a signal voltage that will vary from about 1-1.5 volts at idle to 4-4.6 volts at Wide 


Open Throttle (WOT). 


A “Scan” tool displays manifold pressure in volts. Low pressure (high vacuum) reads a low voltage while a 


high pressure (low vacuum) reads a high voltage. 


If the MAP sensor fails the ECM will substitute a fixed MAP value and use the Throttle Position Sensor (TPS) 


to control fuel delivery. 


Test Description: Number(s) below refer to circled 

number(s) on the diagnostic chart. 

1. This step determines if Code 34 is the result of a 
hard failure or an intermittent condition. A Code 
34 will set when: 

@ When engine is less than 1200 rpm. 

@ Manifold pressure reading less than 14 kPa, 
conditions met for 1 second. 
OR 

@ Engine speed is greater than 1200 rpm. 

@ Throttle angle over 21%. 

@ Manifold pressure less than 14 kPa, conditions 
met for 1 second. 

2. Jumpering harness terminals “B” to “C” (5 volts to 
signal circuit) will determine if the sensor is at 
fault, or if there is a problem with the ECM or 
wiring. 

3. The “Scan” tool may not display 5 volts. The 
important thing is that the ECM recognized the 
voltage as more than 4 volts, indicating that the 
ECM and CKT 432 are OK. 


Diagnostic Aids: 


An intermittent open in CKT 432 or CKT 416 will 
result in a Code 34. 


With ignition “ON” and the engine “OFF,” the 
manifold pressure is equal to atmospheric pressure 
and the signal voltage will be high. This information 
is used by the ECM as an indication of vehicle altitude. 

Comparison of this reading with a known good 
vehicle with the same sensor is a good way to check 
accuracy of a “suspect” sensor. Reading should be the 
same + .4 volt. Also “MAP Output Check” in 
“Computer Command Control” section can be used to 
test the MAP sensor. 

Refer to “Intermittents,” in 
Symptoms” section. 

@ Disconnect sensor from bracket and twist sensor 
by hand (only) to check for intermittent 
connections. Output changes greater than .1 volt 
indicates a bad connector or connection. If OK, 
replace sensor. 


“Driveability 


NOTE: Make sure electrical connector remains 
securely fastened. 


Refer to “MAP Output Check,” in “Computer 
Command Control” section for further diagnosis. 
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CODE 34 


MANIFOLD ABSOLUTE PRESSURE (MAP) SENSOR CIRCUIT 


SIGNAL VOLTAGE LOW 
, (HIGH VACUUM) 


IGNITION “OFF” FOR 10 SECONDS 

START ENGINE AND IMMEDIATELY NOTE MAP 
VALUE ON “SCAN”. 

DOES “SCAN” DISPLAY MAP BELOW .25 VOLT? 


IGNITION “OFF”. 


DISCONNECT SENSOR ELECTRICAL CONNECTOR. 


JUMPER HARNESS TERMINALS “B” TO “C”. 
IGNITION “ON”. 

MAP VOLTAGE SHOULD READ OVER 4.7 VOLTS. 
DOES IT? 


IGNITION “OFF”. 

REMOVE JUMPER WIRE. 

PROBE TERMINAL “B” (CKT 432) WITHA 
LIGHT TO 12 VOLTS. 

IGNITION “ON”. 

“SCAN” SHOULD READ OVER 4 VOLTS. 
DOES IT? 


CKT 416 OPEN OR CKT 416 SHORTED 
OR 

TO GROUND OR CKT 416 SHORTED TO 
OR 

SENSOR GROUND 

OR 

FAULTY ECM 


CODE 34IS INTERMITTENT. - 

IF NO ADDITIONAL CODES WERE 
STORED, REFER TO DIAGNOSTIC 
AIDS ON FACING PAGE. 


FAULTY CONNECTION OR SENSOR, 
REFER TO “DIAGNOSTIC AIDS” ON 
FACING PAGE. 


CKT 432 OPEN 

OR 

CKT 432 SHORTED TO GROUND 

OR 

CKT 432 SHORTED TO SENSOR GROUND 
OR 

FAULTY ECM 


“ AFTER REPAIRS,” REFER TO CODE CRITERIA ON FACING PAGE AND CONFIRM CODE DOES NOT RESET. 5-23-90 


7S 3699-6E 
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IAC COIL “A” HI 
(AC COIL A” LO 
IAC COIL “B” HI 

IAC COIL “B” LO 


LT BLU/WHT 441 
LT BLU/BLK 442 
LT GRN/WHT 443 
LT GRN/BLK 444 


9S 7764-6E 
5-22-90 


CODE 35 
IDLE SPEED ERROR 


The ECM controls idle rpm with the IAC valve. To increase idle rpm, the ECM moves the IAC valve away 
from its seat, allowing more air to pass by the throttle plate. To decrease rpm, it moves the IAC valve toward its 
seat, reducing air flow by the throttle plate. A “Scan” tool will read the ECM commands to the IAC valve in 
counts. The higher the counts, the more air allowed (higher idle). The lower the counts, the less air allowed 


Circuit Description: 


(lower idle). 


Test Description: Number(s) below refer to circled 

number(s) on the diagnostic chart. 

1. The IAC tester is used to extend and retract the 
IAC valve. Valve movement is verified by an 
engine speed change. If no change in engine speed 
occurs, the valve can be retested when removed 
from the throttle body. 

2. This step checks the quality of the IAC movement 
in Step 1. Between 700 rpm and about 1500 rpm, 
the engine speed should change smoothly with 
each flash of the tester light in both extend and 
retract. If the IAC valve is retracted beyond the 
control range (about 1500 rpm), it may take many 
flashes in the extend position before engine speed 
will begin to drop. This is normal on certain 
engines, fully extending the IAC may cause engine 
stall. This may be normal. 

3. Steps 1 and 2 verified proper IAC valve operation 
while this step checks the IAC circuits. Each lamp 
on the node light should flash red and green while 
the IAC valve is cycled. While the sequence of 
color is not important if either light is “OFF” or 
does not flash red and green, check the circuits for 
faults, beginning with poor terminal contacts. 


IAC VALVE RESET PROCEDURE 


e Ignition “OFF” for 10 seconds. 
e Start and run engine for 5 seconds. 
@ Ignition “OFF” for 10 seconds. 


Diagnostic Aids: 


A slow, unstable, or fast idle may be caused by a 
non-IAC system problem that cannot be overcome by 
the LAC valve. Out of control range IAC “Scan” tool 
counts will be above 60 if idle is too low, and zero 
counts if idle is too high. The following checks should 
be made to repair a non-IAC system problem. 


Vacuum Leak (High Idle) - If idle is too high, stop 
the engine. Fully extend (low) IAC with tester. 
Start engine. If idle speed is above 800 rpm, locate 
and correct vacuum leak including PCV system. 
Also check for binding of throttle blade or linkage. 
System too lean (High Air/Fuel Ratio) - The idle 
speed may be too high or too low. Engine speed 
may vary up and down and disconnecting the IAC 
valve does not help. Code 44 may be set “Scan” O9 
voltage will be less than 300 mV (.3 volt). Check 
for low regulated fuel pressure water in the fuel or 
a restricted injector. 

System too rich (Low Air/Fuel Ratio) - The idle 
speed will be too low. “Scan” tool IAC counts will 
usually be above 80. System is obviously rich and 
may exhibit black exhaust smoke. 

“Scan” tool Og voltage will be fixed above 800 mV 
(.8 volt). 

Check for high fuel pressure, leaking or sticking 
injector. Silicone contaminated Og sensors “Scan” 
voltage will be slow to respond. 

Throttle body - Remove IAC and inspect bore for 
foreign material. 

Refer to “Rough, Unstable, Incorrect Idle or 
Stalling Symptom” in “Driveability Symptoms” 
section. 

If intermittent poor driveability symptoms are 
resolved by disconnecting the IAC, carefully 
recheck connections, valve terminal resistance, or 
replace IAC. 

Refer to “Rough, Unstable, Incorrect Idle or 
Stalling Symptoms” in “Driveability Symptoms” 
section. 
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CODE 35 
IDLE SPEED ERROR 


IGNITION “OFF,” CONNECT IAC DRIVER * TO IAC VALVE. 

SET PARKING BRAKE, BLOCK WHEELS. 

IDLE ENGINE IN PARK. 

INSTALL “SCAN” TOOL AND DISPLAY RPM. 

WITH IAC DRIVER, EXTEND AND RETRACT IAC VALVE. NOTE: if AREPAIR HAS BEEN MADE 


ENGINE RPM SHOULD DECREASE AND INCREASE AS IACIS REFER TO THE IAC RESET PROCEDURE ON 
CYCLED. THE FACING PAGE BEFORE RETESTING. 


(2) @ RPM SHOULD CHANGE SMOOTHLY WITH EACH @ CHECK IAC PASSAGES. 
FLASH OF THE IAC DRIVER LIGHT FROM 700 RPM @ IF OK, REPLACE IAC. 
TO ABOUT 1500 RPM. 
DOES IT? 


a) @ INSTALL APPROPRIATE IAC NODE LIGHT * IN ECM @ CHECK IAC PASSAGES. 
HARNESS. @ IF OK, REPLACE IAC. 
CYCLE IAC DRIVER AND NOTE LIGHTS. 
BOTH LIGHTS SHOULD CYCLE RED AND GREEN 
BUT NEVER “OFF” AS RPM IS CHANGED OVERITS 
RANGE. 
DO THEY? 


IF CIRCUIT(S) DID NOT TEST GREEN AND RED, CHECK @ USING THE OTHER CONNECTOR ON THE 
FOR: IAC DRIVER PIGTAIL, CHECK RESISTANCE 
@ FAULTY CONNECTOR TERMINAL CONTACTS. ACROSS IAC COILS. 
@ OPEN CIRCUITS INCLUDING CONNECTIONS. @ SHOULD BE 40 TO 80 OHMS BETWEEN IAC 
@ CIRCUITS SHORTED TO GROUND OR VOLTAGE. TERMINALS “A” TO “B” AND “C” TO “D". 
@ FAULTY ECM CONNECTION OR ECM. 

REPAIR AS NECESSARY AND RETEST. 


@ CHECK RESISTANCE BETWEEN IAC 
TERMINALS “B” AND “C” AND “A” 
AND “D”. 

@ SHOULD BE INFINITE. 


* IAC DRIVER AND NODE LIGHT REQUIRED KIT 
222-L FROM: CONCEPT TECHNOLOGY, INC. 
‘ : IDLE AIR CONTROL VALVE AND 
437027 FROM: KENT-MOORE, INC. CIRCUIT OK. REFER TO “DIAGNOSTIC 


AIDS” ON FACING PAGE. 


“ AFTER REPAIRS,” REFER TO CODE CRITERIA ON FACING PAGE AND CONFIRM CODE DOES NOT RESET. 10-30-90 
MS 10925 
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PICK-UP COIL Tr HALL EFFECT SWITCH 
(ENGINE VIN "E” ONLY) 


(YEAR VIN 
H” ONLY) ALL OTHERS 


EST 
IGNITION 
MODULE “A” ONLY) 430 PPL/WHT REFERENCE HIGH 


424 TAN/BLK BYPASS 


PRIM. IGN. COIL 453 BLK/RED REFERENCE LOW 


EST CONNECTOR 


11-8-90 
MS 10926 


CODE 42 
ELECTRONIC SPARK TIMING (EST) 
Circuit Description: 


Refer to page 6E-37 for EST and Code 42 description. 


Test Description: Number(s) below refer to circled 4. The module did not switch and this step checks for: 
number(s) on the diagnostic chart. @ EST CKT 423 shorted to ground. 


1. Code 42 means the ECM has seen an open or short 


to ground in the EST or bypass circuits. This test 
confirms Code 42 and that the fault causing the 
code is present. 

Checks for a normal EST ground path through the 
ignition module. An EST CKT 423 shorted to 
ground will also read less than 500 ohms; however, 
this will be checked later. 

As the test light voltage touches CKT 424, the 
module should switch causing the ohmmeter to 
“overrange” if the meter is in the 100-200 ohms 
position. f 
Selecting the 10-20,000 ohms, position will 
indicate above 5000 ohms. The important thing is 
that the module “switched.” 


@ Bypass CKT 424 open. 

@ Faulty ignition module connection or module. 
5. Confirms that Code 42 is a faulty ECM and not an 

intermittent in CKT 423 or 424. 


Diagnostic Aids: 


The “Scan” tool does not have any ability to help 
diagnose a Code 42 problem. 

Refer to “Intermittents,” in “Driveability 
Symptoms” section. 
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CODE 42 
ELECTRONIC SPARK TIMING (EST) 


cm @ CLEAR CODES. 
@ IDLE ENGINE FOR 1 MINUTE OR UNTIL CODE 42 SETS. 
DOES CODE 42 SET? P 


IGNITION “OFF.” CODE 42 INTERMITTENT. REFER TO 
DISCONNECT ECM CONNECTORS. “DIAGNOSTIC AIDS” ON FACING PAGE. 
IGNITION “ON.” 

OHMMETER SELECTOR SWITCH IN THE 1000 TO 2000 

OHMS RANGE. , 

PROBE ECM HARNESS CONNECTOR CKT 423 WITH AN 

OHMMETER TO GROUND. 

IT SHOULD READ LESS THAN 1000 OHMS. 

DOES IT? 


YES |, - 


e PROBE ECM HARNESS CONNECTOR CKT 424 WITH 
A TEST LIGHT TO BATTERY VOLTAGE. ~ 


LIGHT “OFF” 


(G3) @ WITH OHMMETER STILL CONNECTED TO ECM HARNESS CKT 
423 AND GROUND. AGAIN PROBE ECM HARNESS CKT 424 
WITH THE TEST LIGHT CONNECTED TO BATTERY VOLTAGE. 
(AS TEST LIGHT CONTACTS CKT 424, RESISTANCE SHOULD 
SWITCH FROM UNDER 1000 TO OVER 2000 OHMS, ) 


DOES IT? 
FAULTY IGNITION 


MODULE. 


(3) @ RECONNECT ECM AND IDLE ENGINE FOR 
OHMMETER THAT IS STILL CONNECTED TO CKT 423 AND ONE MINUTE OR UNTIL CODE 42 SETS. 
GROUND. RESISTANCE SHOULD HAVE GONE HIGH (OPEN DOES CODE SET? 
CIRCUIT). 
DOES IT? 


YES 


CKT 424 OPEN, FAULTY CKT 423 FAULTY ECM CODE 42 INTERMITTENT. 
CONNECTIONS OR FAULTY SHORTED TO REFER TO “DIAGNOSTIC 


IGNITION MODULE. GROUND. AIDS” ON FACING PAGE. 


“ AFTER REPAIRS,” REFER TO CODE CRITERIA ON FACING PAGE AND CONFIRM CODE DOES NOT RESET. ‘ scape " 
-6E 
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412 PPL | OXYGEN (02) 
SENSOR SIGNAL 


413 TAN OXYGEN (0,) 
OXYGEN (02) SENSOR . SENSOR GROUND 


EXHAUST ; ENGINE 
GROUND 


7-19-90 
4S 0790-6E 


CODE 44 


LEAN EXHAUST INDICATED 
Circuit Description: ' 
The ECM supplies a voltage of about .45 volt between terminals “D6” and “D7”. (If measure with a 10 
megohm digital voltmeter, this may read as low as .32 volt). The Og sensor varies the voltage within ; a range of 
about 1 volt if the exhaust is rich, down through about .10 volt if exhaust is lean. 


The sensor is like an open circuit and produces no voltage when it is below about 315°C (600°F), An open 
sensor circuit or cold sensor causes “Open Loop” operation. 


Test Description: Number(s) below refer to circled @ Fuel Pressure. System will be lean if pressure is 


number(s) on the diagnostic chart. too low. It may be necessary to monitor fuel 

1. Code 44 is set when the Og sensor signal voltage on pressure while driving the vehicle at various road 
CKT 412: speeds and/or loads to confirm. See Fuel System 
@ Remains below .2 volt for 20 seconds. diagnosis. 
e And the system is operating in “Closed Loop.” @ CKT 413. If CKT 413 is open, the voltage at 

. terminal “D7” will be over one volt. 
Diagnostic Aids: @ If the above are OK, the Oxygen (Og) sensor is 
faulty. 


Using the “Scan,” observe the block learn values at 
different rpm and air flow conditions. The “Scan” also 
displays the block cells, so the block learn values can 
be checked in each of the cells to determine when the 
Code 44 may have been set. If the conditions for Code 
44 exists, the block learn values will be around 150. 

@ QO» Sensor Wire. Sensor pigtail may be 
mispositioned and contacting the exhaust 
manifold. 

e Check for intermittent ground in wire between 
connector and sensor. 

@ Fuel Contamination. Water, even in small 
amounts, near the in-tank fuel pump inlet, can be 
delivered to the injectors. The water causes a lean 
exhaust and can set a Code 44. 
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CODE 44 
LEAN EXHAUST INDICATED 


Qa) @ RUN WARM ENGINE (75°C/167°F TO 95°C/203°F) AT 1200 RPM. 
@ DOES TECH 1 INDICATE O, SENSOR VOLTAGE FIXED BELOW .35 VOLT (350 mV)? 


DISCONNECT O, SENSOR. CODE 44 1S INTERMITTENT. 

WITH ENGINE IDLING, TECH 1 SHOULD DISPLAY O, IF NO ADDITIONAL CODES WERE 
SENSOR VOLTAGE BETWEEN .35 VOLT AND .55 STORED, REFER TO “DIAGNOSTIC 
VOLT (350 mV AND 550 mV). AIDS” ON FACING PAGE. 
DOESIT? ~ 


z i] 


REFER TO “DIAGNOSTIC CKT 412 SHORTED TO 
AIDS” ON FACING PAGE. GROUND OR FAULTY ECM. 


“ AFTER REPAIRS,” REFER TO CODE CRITERIA ON FACING PAGE AND CONFIRM CODE DOES NOT RESET. 4-25-90 


© 7S 3191-6E 
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OXYGEN (0,) SENSOR 


EXHAUST 


j 413 TAN 


GROUND 


412 PPL OXYGEN (02) 
SENSOR SIGNAL 


OXYGEN (0,) 
SENSOR GROUND 


7-19-90 
4S 0790-6E 


CODE 45 
RICH EXHAUST INDICATED 


Circuit Description: 


The ECM supplies a voltage of about .45 volt between terminals “D6” and “D7”. (If measured with a 10 
megohm digital voltmeter, this may read as low as .32 volt). The Og sensor varies the voltage within a range of 
about 1 volt if the exhaust is rich, down through about .10 volt if exhaust is lean. 

The sensor is like an open circuit and produces no voltage when it is below about 315°C (600°F). An open 


sensor circuit or cold sensor causes “Open Loop” operation. 


Test Description: Number(s) below refer to circled 
number(s) on the diagnostic chart. 
1. Code 45 is set when the Og sensor signal voltage or 
CKT 412: 
@ Remains above .7 volt for 50 seconds, and in 
“Closed Loop.” 
@ Engine time after start is 1 minute or more. 
@ Throttle angle greater than 2%. (About .2 volt 
above idle voltage) 


Diagnostic Aids: 


Using the “Scan,” observe the block learn values at 
different rpm and air flow conditions. The “Scan” also 
displays the block cells, so the block learn values can 
be checked in each of the cells to determine when the 
Code 45 may have been set. If the conditions for Code 
45 exists, the block learn values will be around 115. 

@ Fuel Pressure. System will go rich is pressure is 
too high. The ECM can compensate for some 
increase. However, if it gets too high, a Code 45 
may be set. 

See “Fuel Control System” section. 

@ Leaking Injector. 

Check for fuel contaminated oil. 

e HEI Shielding. An open ground CKT 453 (ignition 
system reflow) may result in EMI, or induced 
electrical “noise.” The ECM looks at this “noise” 
as reference pulses. 


The additional pulses result in a higher than 
actual engine speed signal. The ECM then 
delivers too much fuel, causing system to go rich. 
Engine tachometer will also show higher than 
actual engine speed which can help in diagnosing 
this problem. 

Canister purge. Check for fuel saturation. If full 
of fuel, check canister control and hoses. See 
“Evaporative Emission Control” section. 

MAP Sensor. An output that causes the ECM to 
sensor a high than normal manifold pressure (low 
vacuum) can cause the system to go rich. 
Disconnecting the MAP sensor will allow the ECM 
to set a fixed value for the MAP sensor. Substitute 
a different MAP sensor if the rich condition is gone 
while the sensor is disconnected. 

TPS. An intermittent TPS output will cause the 
system to go rich, due to a false indication of the 
engine accelerating. 
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CODE 45 
RICH EXHAUST INDICATED 


@ RUN WARM ENGINE (75°C/167°F TO 95°C/203°F) AT 1200 RPM. 
@ DOES TECH 1 DISPLAY O, SENSOR VOLTAGE FIXED ABOVE .75 VOLT (750 mV)? 


@ DISCONNECT O, SENSOR AND JUMPER 
HARNESS CKT 412 TO GROUND. 


CODE 45 IS INTERMITTENT. 
@ TECH 1 SHOULD DISPLAY O, BELOW .35 
VOLT (350 mV). IF NO ADDITIGNAL CODES WERE 


STORED, REFER TO “DIAGNOSTIC 
DOES IT? AIDS” ON FACING PAGE. 


REFERTO “DIAGNOSTIC REPLACE ECM. 
AIDS” ON FACING PAGE. 


“AFTER REPAIRS,” REFER TO CODE CRITERIA ON FACING PAGE AND CONFIRM CODE DOES NOT RESET. 4-25-90 
©7S 3192-6E 


6E-82 FUEL AND EMISSION CONTROL 


CODE 51 


CODE 53 CODE 51 


FAULTY MEM-CAL (CALIBRATOR) 


CHECK THAT ALL PINS ARE FULLY INSERTED IN THE SOCKET. IF OK, REPLACE MEM-CAL, 
CLEAR MEMORY, AND RECHECK. IF CODE 51 REAPPEARS, REPLACE ECM. 


CODE 53 
SYSTEM OVER VOLTAGE 


THIS CODE INDICATES THERE IS A BASIC GENERATOR PROBLEM. REFER TO ENGINE ELECTRICAL (SECTION 6D). 
@ CODE 53 WILL SET IF VOLTAGE AT ECM/BATTERY FEED IS GREATER THAN 16.9 VOLTS FOR 2 SECONDS. 
@ CHECK AND REPAIR CHARGING SYSTEM. 


10-15-90 
MS 10873 
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RESTRICTED EXHAUST SYSTEM CHECK 


Proper diagnosis for a restricted exhaust system is essential before any components are replaced. The 
following procedure may be used for diagnosis: 


CHECK AT O> SENSOR: 


1. Carefully remove Og sensor. 

2. Install Borroughs exhaust backpressure tester (BT 8515 or BT 8603) or equivalent in place of Og sensor 
(see illustration). 

3. After completing test described below, be sure to coat threads of Og sensor with anti-seize compound P/N 

5613695 or equivalent prior to re-installation. 


[7] BACK PRESSUREGAGE [3] EXHAUST MANIFOLD 
[2] OXYGEN (0,) SENSOR 7S 3338-6E 


DIAGNOSIS: 
1. With the engine idling at normal operating temperature, observe the exhaust system backpressure 
reading on the gage. Reading should not exceed 8.6 kPa (1.25 psi). 

Increase engine speed to 2000 rpm and observe gage. Reading should not exceed 20.7 kPa (3 psi). 

If the backpressure at either speed exceeds specification, a restricted exhaust system is indicated. 
Inspect the entire exhaust system for a collapsed pipe, heat distress, or possible internal muffler failure. 
If there are no obvious reasons for the excessive backpressure, the catalytic converter is suspected to be 
restricted and should be replaced using current recommended procedures. 


St Pe 


1-17-89 
9S 6652-6E 


Figure 6E-12 - Exhaust System Check 


6E-84 FUEL AND EMISSION CONTROL 


A 
v ” 416 GRY 


MANIFOLD 
ABSOLUTE 432 LT GRN | C11 | MAP SIGNAL 
PRESSURE 


VACUUM . 
pas 469 BLK/ ORN OR SENSOR 
469 BLK/RED ~_] GROUND 


10-30-90 
MS 10923 


MANIFOLD ABSOLUTE PRESSURE (MAP) OUTPUT CHECK 


Circuit Description: 

The Manifold Absolute Pressure (MAP) sensor measures the changes in the intake manifold pressure which 
result from engine load (intake manifold vacuum) and rpm change and converts these into a voltage output. The 
ECM sends a 5 volt reference voltage to the MAP sensor. As the manifold pressure changed, the output voltage of 
the sensor also changes. By monitoring the sensor output voltage, the ECM knows the manifold pressure. A 
lower pressure (low voltage) output voltage will be about 1-2 volts at idle. While higher pressure (high voltage) 
output voltage will be about 4-4.8 at Wide Open Throttle (WOT). The MAP sensor is also used, under certain 
conditions, to measure barometric pressure, allowing the ECM to make adjustments for different altitudes. The 
ECM uses the MAP sensor to control fuel delivery and ignition timing. 


Test Description: Number(s) below refer to circled NOTE: Make sure electrical connector remains 

number(s) on the diagnostic chart. securely fastened. 

[2] | 9 | Important 4. Disconnect sensor from bracket and twist sensor 
Be sure to use the same Diagnostic Test by hand (only) to check for intermittent 
Equipment for all measurements. connection. Output changes greater than .1 volt 

1. When comparing “Scan” readings to a known good indicate a bad connector or connection. If OK, 
vehicle, it is important to compare vehicles that replace sensor. 


use a MAP sensor having the same color insert or 
having the same “Hot Stamped” number. See 
figures on facing page. 

2. Applying 34 kPa (10” Hg) vacuum to the MAP 
sensor should cause the voltage to change. 
Subtract second reading from the first. Voltage 
value should be greater than 1.5 volts. Upon 
applying vacuum to the sensor, the change in 
voltage should be instantaneous. A slow voltage 
change indicates a faulty sensor. 

3. Check vacuum hose to sensor for leaking or 
restriction. Be sure that no other vacuum devices 
are connected to the MAP hose. 
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MANIFOLD ABSOLUTE PRESSURE 
(MAP) OUTPUT CHECK 


NOTE: THIS CHART ONLY APPLIES TO MAP SENSORS HAVING 
GREEN OR BLACK COLOR KEY INSERT (SEE BELOW). 


IGNITION “ON,” ENGINE “OFF.” 

TECH 1 SHOULD INDICATE A MAP SENSOR VOLTAGE. 
COMPARE THIS READING WITH THE READING OF A KNOWN 
GOOD VEHICLE. SEE FACING PAGE TEST DESCRIPTION, STEP 1. 
VOLTAGE READING SHOULD BE WITHIN, £ .4 VOLT. 

IS IT? 


DISCONNECT AND PLUG VACUUM SOURCE TO MAP SENSOR. 
CONNECT A HAND VACUUM PUMP TO MAP SENSOR. 

START ENGINE. 

NOTE MAP SENSOR VOLTAGE. 

APPLY 34 kPa (10” Hg) OF VACUUM AND NOTE VOLTAGE CHANGE. 

SUBTRACT SECOND READING FROM THE FIRST. VOLTAGE VALUE 

SHOULD BE GREATER THAN 1.5 VOLTS. 

IS IT? 


YES 


G) NO TROUBLE FOUND. CHECK SENSOR VACUUM SOURCE 
FOR LEAKAGE OR RESTRICTION. BE SURE THIS SOURCE 
SUPPLIES VACUUM TO MAP SENSOR ONLY. 


HOT-STAMPED 
NUMBER 


KEYED INSERT 


Figure 1 - Color Key Insert Figure 2 - Hot-Stamped Number 


“ AFTER REPAIRS,” CONFIRM “CLOSED LOOP” OPERATION AND NO “CHECK ENGINE” LIGHT. 6-1-90 
© 7S 3162-6E 
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PARK/NEUTRAL 
SWITCH 
V/P HARNESS CONNECTOR P/N SIGNAL 
(6-WAY) 
rc 


¢——_____—Isp1 — 434 ornvatk 12 VOLT 
| 
<———1— 450 BLKWHT 


a | 


GROUND IH PARE ENGINE GROUND 


AND NEUTRAL 41-2-90 


MS 10927 


PARK/NEUTRAL (P/N) SWITCH DIAGNOSIS 


Circuit Description: 
The Park/Neutral Switch contacts are closed to ground in park or neutral and open in drive ranges. 
The ECM supplies ignition voltage, through a current limiting resistor, to CKT 434 and senses a closed 
switch, when the voltage on CKT 434 drips to less than one volt. 
The ECM uses the P/N signal as one of the inputs to control: 
@ Idle Air Control (IAC). 
@ Vehicle Speed Sensor (VSS) Diagnostics. 


+ 


Test Description: Number(s) below refer to circled Diagnostic Aids: 

number(s) on the diagnostic chart. 

1. Checks for a closed switch to ground in park If CKT 434 always indicates drive (open), a drop in 
position. Different makes of “Scan” tools will read _ the idle may exist when the gear selector is moved into 
P/N differently. Refer to operators manual fortype drive range. 
of display used for a specific tool. 

2. Checks for an open switch in drive or reverse 
range. 

3. Be sure “Scan” indicates drive, even while 
wiggling shifter to test for an intermittent or 
misadjusted switch in drive range. 
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PARK/NEUTRAL (P/N) SWITCH DIAGNOSIS 


© WITH TRANSMISSION IN PARK, TECH 1 
SHOULD INDICATE PARK OR NEUTRAL. 
DOES IT? 


SHIFT TRANSMISSION INTO DRIVE. DISCONNECT PARK/NEUTRAL SWITCH CONNECTOR. 
“SCAN” TOOL SHOULD DISPLAY A JUMPER HARNESS CONNECTOR TERMINALS “A” AND “B”. 
CHANGE TO INDICATE DRIVE. 8 “SCAN” TOOL SHOULD INDICATE PARK OR NEUTRAL. 


* DOES IT? DOES IT? 


DISCONNECT P/N SWITCH. NO TROUBLE FOUND. || @ JUMPER HARNESS CONNECTOR 
THIS SHOULD CAUSE REFER TO (CKT 434) TO ENGINE GROUND. 
“SCAN” TOOL TO DISPLAY “INTERMITTENTS” IN || @ “SCAN” TOOL SHOULD INDICATE 
DRIVE RANGE. “DRIVEABILITY PARK OR NEUTRAL. 
DOES IT? SYMPTOMS” DOES IT? 

SECTION “2”. 


YES 


FAULTY P/N SWITCH CONNECTION | | cxT434SHORTED || OPEN GROUND 
OR TO GROUND CIRCUIT. 
P/N SWITCH MISADJUSTED OR 


OR FAULTY ECM. 
FAULTY P/N SWITCH. 


FAULTY P/N SWITCH 


P/N SWITCH MISADJUSTED 
OR 
FAULTY P/N SWITCH. 


CKT 434 OPEN 
OR 
FAULTY ECM CONNECTION 


“AFTER REPAIRS,” CONFIRM “CLOSED LOOP” OPERATION AND NO “CHECK ENGINE™ LIGHT. 11-1-90 


MS 10928 
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ECM 


IGNITION 806 PPLWHT—J C9 | CRANK SIGNAL 


SWITCH 
“START” 


BULKHEAD 
STARTER CONNECTOR 
SOLENOID 
10-30-90 
MS 10929 


CRANK SIGNAL DIAGNOSIS 


Circuit Description: 
Crank signal is a 12 volts signal to the ECM during cranking to allow enrichment and cancel diagnostics 
until engine is running or 12 volts is no longer on circuit. 


Test Description: Number(s) below refer to circled 2. Checks to determine if source of open fuse was a 
number(s) on the diagnostic chart. faulty ECM. 
1. Checks for normal (cranking) voltage to terminal ; 

“C9” of ECM. Test light should be “ON” during - 

cranking and then go “OFF” when engine is ° 

running. 
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CRANK SIGNAL DIAGNOSIS 


PROBE ECM CONNECTOR CKT 806 WITH TEST LIGHT 
TO GROUND. 

CRANK ENGINE. 

TEST LIGHT SHOULD ILLUMINATE. DOES IT? 


no 


CHECK FUSE CRANK SIGNAL CIRCUIT OK IF LIGHT GOES 
OUT WITH ENGINE RUNNING. 


NOT OK 
REPAIR OPEN IN WIRE FROM 


(2) ECM TO IGNITION SWITCH. 


@ REPLACE FUSE. 
@ CRANK ENGINE. 
@ RECHECK FUSE. 


NOT OK 
REPLACE ECM DEFECTIVE FUSE. 
CRANK CIRCUIT OK. 


”“ AFTER REPAIRS," CONFIRM “CLOSED LOOP” OPERATION AND NO “CHECK ENGINE” LIGHT. 10-31-90 
MS 10930 
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POWER 


STEERING 
pe LA | 495 LT BLU/ORN 
SWITCH fe 
(CLOSES WITH 450 BLK/WHT 


HIGH PRESSURE) POWER STEERING 
PRESSURE SIGNAL 


ENGINE 
GROUND . 10-30-90 


MS 10933 


POWER STEERING PRESSURE SWITCH (PSPS) CHECK 


Circuit Description: 


The Power Steering Pressure Switch (PSPS) is normally open to ground, and CKT 495 will be near battery 
voltage. 

Turning the steering wheel increases power steering oil pressure and its load on an idling engine. The 
pressure switch will close before and the load can cause an idle problem. 


Closing the switch causes CKT 495 to read less than 1 volt. The ECM will increase the idle air rate and 
retard the timing. 


Test Description: Number(s) below refer to circled | Diagnostic Aids: 
number(s) on the diagnostic chart. 
1. Checks for ECM signal voltage on CKT 495 and A pressure switch that will not close, or an open 
confirms that ground CKT 450 is OK. CKT 495 or 450, may cause the engine to stop when 
2. Maximum resistance, or infinity, indicatesanopen power steering loads are high. 
switch. A switch that will not open, or a CKT 450 or 495, 
3. Less than 1 ohm indicates that the switch isclosed shorted to ground, will cause timing to retard at idle, 


when the power steering pressure is high. Switch and may affect idle quality. 
is OK. 
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POWER STEERING PRESSURE 
SWITCH (PSPS) CHECK 


DISCONNECT P/S PRESSURE SWITCH CONNECTOR. 
IGNITION “ON” AND ENGINE STOPPED. 

CHECK VOLTAGE BETWEEN HARNESS TERMINALS, 
CKTS 450 AND 495. SHOULD READ BATTERY VOLTAGE. 
DOES IT? 


€¥ @ CONNECT OHMMETER BETWEEN @ PROBE BOTH TERMINALS WITH 
SWITCH TERMINALS. RESISTANCE A VOLTMETER TO GROUND. 
SHOULD BE HIGH (OPEN SWITCH). @ NOTE VOLTAGE. 
1S IT? 


| NO | BATTERY VOLTAGE NO BATTERY 
ONE TERMINAL. VOLTAGE. 


START AND IDLE ENGINE. FAULTY POWER 
TURN STEERING AND HOLD STEERING SWITCH. REPAIR GROUND DISCONNECT C-D ECM 
MOMENTARILY AGAINST CKT 450. CONNECTOR. CHECK FOR 


STOP. OHMMETER SHOULD 
INDICATE LOW RESISTANCE 
(CLOSED SWITCH). DOES IT? 


NO TROUBLE FOUND. FAULTY POWER 
RECONNECT P/S SWITCH STEERING SWITCH. 
CONNECTOR AND 

REVIEW SYMPTOMS. . 


OPEN OR SHORT TO GROUND 
IN CKT 495. IF OK, ITIS 
FAULTY ECM CONNECTOR 
TERMINAL C8 OR ECM. 


“AFTER REPAIRS,” CONFIRM “CLOSED LOOP” OPERATION AND NO “CHECK ENGINE” LIGHT. 2-1-90 


7S 3707-6E 
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ECM QDR CHECK PROCEDURE 


USE THIS CHECK PROCEDURE ONLY AFTER OTHER 
DIAGNOSTIC CHARTS IN THE SERVICE MANUAL HAVE 
DETERMINED THAT THERE WAS AN ECM FAILURE. 


@ REMOVE THE ECM FROM THE VEHICLE. 


@ REFERTO LIST BELOW OF THE ECM TERMINALS WHICH ARE QDR OUTPUTS. 
@ USING THE 100/200 K OHM SCALE ON DVM*, MEASURE RESISTANCE 
BETWEEN THE ECM CASE AND EACH ECM TERMINAL LISTED, BLACK (NEG.) 


LEAD TO CASE AND RED (POS.) LEAD TO ECM TERMINAL. 


@ ALL TERMINALS LISTED SHOULD HAVE RESISTANCE OF 50K OHMS OR MORE. 


DO THEY? 


THE PRIOR TEST HAS DETERMINED THAT A QDR IN THE ECM 
HAS BEEN DAMAGED. IT IS MOST IMPORTANT TO LOCATE 
AND REPAIR THE CIRCUIT OR COMPONENT THAT CAUSED THE 
DAMAGE. FAILURE TO DO SO WILL RESULT IN ANOTHER 
FAILURE OF THE NEWLY REPLACED ECM. 

ANY TERMINAL WITH LESS THAN 50K OHMS RESISTANCE IS 
CONNECTED TO A DEFECTIVE QDR. THE ECM TERMINAL WITH 
THE LOWEST RESISTANCE WAS CONNECTED TO THE VEHICLE 
CIRCUIT MOST LIKELY TO HAVE CAUSED THE QDR FAILURE. 


@ DISCONNECT THE COMPONENT IN THAT VEHICLE 
CIRCUIT AND CHECK FOR A SHORT TO VOLTAGE. 


IF THE CIRCUIT IS NOT SHORTED TO VOLTAGE, 
REPLACE THE COMPONENT IN THAT CIRCUIT 
AND THE ECM. 


SOLENOID 


AMMETER 


KEY “ON,” ENGINE NOT RUNNING. 

USE A FUSED AMMETER CAPABLE OF MEASURING AT LEAST 2 
AMPS (J 34029-A OR EQUIVALENT). 

CONNECT ONE LEAD OF THE AMMETER TO CHASSIS 


GROUND. 


CONNECT THE REMAINING LEAD TO EACH VEHICLE CIRCUIT 


WHICH WAS LISTED ABOVE. 


MEASURE SUSTAINED CURRENT FLOW THROUGH EACH 
CIRCUIT FOR 2 MINUTES EACH (IN MOST CASES, THE TCC 
SOLENOID CANNOT BE EASILY TESTED FOR CURRENT DRAW). 


NOTE AMPERAGE. 


IF A CIRCUIT(S) HAS MORE 
THAN 0.75 AMPS CURRENT 
DRAW. 


@ CHECK FORA SHORT TO 
VOLTAGE IN EXCESSIVE 
CURRENT DRAW CIRCUIT. 
IF NO SHORT TO VOLTAGE, 
REPLACE RELATED 
SOLENOID OR RELAY. 


ECM 
QDR OUTPUT 
NUMBER | TERMINAL 


* USE DVM J 34029-A OR EQUIVALENT 


Figure 6E-13 


IF NO CIRCUIT HAS MORE 
THAN 0.75 AMPS CURRENT 
DRAW. 


@ REPLACE ECM. 


CIRCUIT 


NOT USED 


NOT USED 
NOT USED 


10-31-90 
MS 10874-6E 
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ON-VEHICLE SERVICE 


WIRE HARNESS 


The ECM harness electrically connects the ECM to 
the various solenoids, switches, and sensors on vehicle 
engine and passenger compartment. 

Wire harnesses should be replaced with proper 
part number harnesses. When signal wires are 
spliced, into a harness, use wire with high 
temperature insulation only. 

With the low current and voltage levels found in 
the system, it is important that the best possible bond 
at all wire splices be made by soldering the splices, as 
shown in Figure 6E-14. 

Molded on connectors require complete 
replacement of the connector. This means splicing a 
new connector assembly into the harness. 

Refer to Figure 6E-18 through 6E-20, for wiring 
diagrams. 

Replacement connectors and terminals are listed 
in Group 8.965, of the Standard Parts Catalog. 


CONNECTORS AND TERMINALS 


Use care, when probing a connector or replacing 
terminals in them. It is possible to short between 
opposite terminals. 


TWISTED/SHIELDED CABLE 
DRAIN WIRE 


1. REMOVE OUTER JACKET. 
2. UNWRAP ALUMINUM/MYLAR TAPE. DO NOT 
REMOVE MYLAR. 


3. UNTWIST CONDUCTORS. STRIP INSULATION AS 
NECESSARY. 


a= DRAIN WIRE 


4. SPLICE WIRES USING SPLICE CLIPS AND ROSIN CORE 
SOLDER. WRAP EACH SPLICE TO INSULATE. 
5. WRAP WITH MYLAR AND DRAIN (UNINSULATED) WIRE. 


: esas ain 


6. TAPE OVER WHOLE BUNDLE TO SECURE AS BEFORE. 


Figure 6E-14 - Wire Harness Repair 


If this happens, to the wrong terminal pair, it is 
possible to damage certain components. Always use 
jumper wires between connectors, for circuit checking. 
NEVER probe through the Weather-Pack seals. Use 
tachometer adapter J 35812, or equivalent, which 
provides an easy hook up of the tach. lead. The 
connector test adapter kit J 35616, or equivalent, 
contains an assortment of flexible connectors used to 
probe terminals during diagnosis. Fuse remover and 
test tool BT 8616, or equivalent, is used for removing a 
fuse and to adapt fuse holder, with a meter, for 
diagnosis. 

When diagnosing, open circuits are often difficult 
to locate by sight, because oxidation, or terminal 
misalignment are hidden by the connections. Merely 
wiggling a connector on a sensor, or in the wiring 
harness, may correct the open circuit condition. This 
should always be considered when an open circuit, or 
failed sensor is indicated. Intermittent problems may, 
also, be caused by oxidized or loose connections. 

Before making a connector repair, be certain of the 
type of connector. Weather-Pack and Compact Three 
connectors look similar, but are serviced differently. 


TWISTED LEADS 


. LOCATE DAMAGED WIRE. 
2. REMOVE INSULATION AS REQUIRED. 
SPLICE AND SOLDER 


. SPLICE TWO WIRE TOGETHER USING SPLICE 
CLIPS AND ROSIN CORE SOLDER. 


(<ze| |) JERE 


. COVER SPLICE WITH TAPE TO INSULATE 
FROM OTHER WIRES. 


. RETWIST AS BEFORE AND TAPE WITH 
ELECTRICAL TAPE AND HOLD IN PLACE. 


4S 0570-6E 
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Micro-Pack 


Refer to Figure 6E-15 and repair procedure for 
replacement of a Micro-Pack terminal. 


Metri-Pack 


Some connectors use terminals called Metri-Pack 
Series 150 (Figure 6E-16). These may be used at the 
Coolant Sensor, as well as TBI units. 

They are, also, called “Pull-To-Seat” terminals, 
because, to install a terminal on a wire, the wire is 
first inserted through the seal (5) and connector (4). 
The terminal is, then, crimped on the wire and the 
terminal pulled back into the connector to seat it in 
place. 

To remove a terminal: 

1. Slide the seal back on the wire. 

2. Insert tool (3) BT-8518, or J 35689-A, or 
equivalent, as shown in insert “A” and “B”, to 

release the terminal locking tab (2). 


[3 ] LOCKING TANG 


[4 ] TOOL J33095/BT8234-A 
7S 3548-6E 


[1] CABLE 


[2] TERMINAL 


METRI-PACK SERIES 
150 FEMALE TERMINAL 
2. LOCKING TANG 


4. CONNECTOR BODY 
5. SEAL 


Figure 6E-16 - Metri-Pack Series 150 Terminal Removal 


3. Push the wire and terminal out through the 
connector. 
If reusing the terminal, reshape the locking tang (2). 


Weather-Pack 


A Weather-Pack connector can be identified by a 
rubber seal, at the rear of the connector. This 
connector, which is used in the engine compartment, 
protects against moisture and dirt, which could create 
oxidation and deposits on the terminals. This 
protection is important, because of the very low 
voltage and current levels found in the electronic 
system. 

Repair of a Weather-Pack terminal is shown in 
Figure 6E-17. Use tool J 28742, or BT8234-A, to 
remove the pin and sleeve terminals. 

If removal is attempted with an ordinary pick, 
there is a good chance that the terminal will be bent, 
or deformed. And, unlike standard blade type 
terminals, these terminals cannot be straightened 
once they are bent. 

Make certain that the connectors are properly 
seated and all of the sealing rings in place, when 
connecting leads. The hinge type flap provides a 
backup, or secondary, locking feature for the 
connector. They are used to improve the connector 
reliability by retaining the terminals, if the small 
terminal lock tangs are not positioned properly. 

Weather-Pack connections cannot be replaced with 
standard connections. Instructions are provided with 
Weather-Pack connector and terminal packages. 


Compact Three 


The Compact Three connector, which looks similar 
to a Weather-Pack connector, is not sealed and is used 
where resistance to the environment is not required. 


TOOL J35689 OR BT-8446 


2-5-90 : 
*7S 3213-6E 


Use the standard method, when repairing a terminal. 
Do not use the Weather-Pack terminal tool J 28742, as 
these will damage the terminals. 


ELECTRONIC CONTROL MODULE 


Replacement of the Electronic Control Module 
(ECM) consists of a service controller, without a MEM- 
CAL (calibrator). 

If the diagnostic procedures required the ECM to 
be replaced, the ECM, and MEM-CAL should be 
checked for the correct part number. If they are, 
remove the MEM-CAL, and install them in the service 
controller. The service controller will not contain a 
MEM-CAL. 


Important 


@ When replacing a production ECM with a service 
controller, transfer the broadcast code and 
production ECM part number to the controller 
label. Do not record information on the access 
cover. 


NOTICE: The ignition must be “OFF,” when 
disconnecting or reconnecting the ECM connector, 
to prevent internal damages to the ECM. 


ECM Connector Terminal Voltages 


Refer to Figure 6E-21 and 6E-22 for voltage charts, 
to aid in diagnosis. 


ECM Replacement-with MEM-CAL 
Figures 6E-24, 6E-25 and 6E-26 


Remove or Disconnect 


1. Negative battery cable. 

2. Connectors from ECM. 

3. ECM mounting hardware. 

4. ECM from driver compartment. 

5. ECM access cover (Figure 6E-4). 

6. MEM-CAL removal (figure 6E-23). 


Important 


e Replacement ECM is supplied without a MEM- 
CAL, so, care should be used, when removing it 
from the defective ECM, because it will be reused 
in the new ECM. 
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1, OPEN SECONDARY LOCK HINGE ON CONNECTOR 
FEMALE 
CONNECTOR 


MALE ; 
CONNECTOR 
X 
SECONDARY, 


LOCK HINGE 


2. REMOVE TERMINAL USING TOOL 


4 PUSH TO 
RELEASE 


TERMINAL TOOL J-28742/BT8234-A 


3. CUT WIRE IMMEDIATELY BEHIND CABLE SEAL 


cst SEAL 
4. REPLACE TERMINAL 
A. SLIP NEW SEAL ONTO WIRE. 
B. STRIP 5 mm (.2") OF INSULATION FROM WIRE. 
C. CRIMP TERMINAL OVER WIRE AND SEAL. 


WIRE 


5. PUSH TERMINAL AND CONNECTOR AND 
ENGAGE LOCKING TANGS. 


6. CLOSE SECONDARY LOCK HINGE 
7S 3542-6E 


Figure 6E-17 - Weather-Pack Terminal Repair 


Using two fingers, push both retaining clips back 
away from the MEM-CAL. At the same time, grasp it 
at both ends and lift it up out of the socket. Do not 
remove the cover on the MEM-CAL. Use of 
unapproved MEM-CAL removal methods may cause 
damage to the MEM-CAL or socket. 


Inspect 


Figure 6E-26 


e For alignment notches of the MEM-CAL and 
carefully set it aside. Do not open the MEM-CAL. 
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ALDL 
CONNECTOR 

fo PAT tt 

fA jet | dr 


IGNITION 
SWITCH 
START 


OXYGEN (0,) 
SENSOR 


MANIFOLD 
ABSOLUTE 
PRESSURE 
(MAP) SENSOR 


THROTTLE 
POSITION 
SENSOR (TPS) 


COOLANT 
TEMPERATURE 
SENSOR (CTS) 


INTAKE AIR 
TEMPERATURE 
SENSOR (IAT) 
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551 TAN/WHT 
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ENGINE GROUNDS 
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TEMPERATURE 
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TEMPERATURE 
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Figure 6E-18 - Wiring Diagram (1 of 3) 
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BACK VIEW 
OF 


CONNECTOR 


24 PIN A-B 
CONNECTOR 


BACK VIEW 
OF 
CONNECTOR 


UN 


Koddoddosoooot 


32 PINC-D 
CONNECTOR 


10-30-90 
7S 3265-6E 
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441 LT BLU/WHT IAC COIL “A” HI 
442 LT BLU/BLK IAC COIL “A” LO 
443 LT GRN/WHT ca | IAC COIL “B” HI 
444 LT GRN/BLK ea | IAC COIL “B” LO 


PICK-UP COIL 


HALL EFFECT 
DISTRIBUTOR 
NGINE VIN "E” oe 


| >} as3BLK/RED | 83 | REFERENCE LOW 


Lc | 424 TAN/BLK 
|B [ 430 PPLWHT 


PRIMARY COIL 423 WHT 


PICK-UP COIL 24 PIN A-B 
CONNECTOR 


DISTRIBUTOR 
ENGINE VIN “A” 


1a + 453BLK/RED -| 83 | REFERENCE LOW 


465 DK BRN/WHT FUEL PUMP RELAY 
450 BLK/WHT DRIVE (12V) 


FUEL PUMP TEST 
CONNECTOR 


120 GRY OR 
TAN/WHT 


32 PINC-D 
CONNECTOR 


7S 3266-6E 


Figure 6E-19 - Wiring Diagram (2 of 3) 
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IGN IGN 


“CHECK ENGINE” 
— 39 PNK/BLK 419BRNWHT 41 AS | iGHT CONTROL 


AUTOMATIC 
TRANS. TCC 
SOLENOID 


422 TAN/BLK | Az | TCC CONTROL 


151 BLK. GROUND 


° a 
Q 


151 BLK GROUND 
PNK/BLK 


fH 24 PIN A-B 
437 BRN 


CONNECTOR 
=| SIGNAL 
VEHICLE SPEED SENSOR 


450 BLK/WHT 


° P/N 
WITCH 
434 ORN/BLK PARK 


NEUTRAL 
SIGNAL 


POWER 

STEERING 

PRESSURE POWER 
SWITCH 495 LT BLU/ORN STEERING 


SIGNAL 


32 PINC-D 
CONNECTOR 


11-7-90 
7S 3267-6E 
Figure 6E-20 - Wiring Diagram (3 of 3) 
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TBI FUEL INJECTION ECM CONNECTOR IDENTIFICATION 


This ECM voltage chart is for use with a digital voltmeter to further aid in diagnosis. These voltages 
were derived from a known good vehicle. The voltages you get may vary due to low battery charge 
or other reasons, but they should be very close. 


THE FOLLOWING CONDITIONS MUST BE MET BEFORE TESTING: 
@ Engine at operating temperature @ Engine idling in closed loop (for “Engine Run” column) 
@ Diaqnostic terminal not qrounded @ Tech 1 (“Scan”) in open/road test mode 


NORMAL NORMAL 
CKT VOLTAGE CKT WIRE VOLTAGE 
PIN FUNCTION # PIN FUNCTION # | COLOR 
“ON” 


FUEL PUMP RELAY BATTERY FEED ts 
CONTROL (ECM B FUSE) 
TCC CONTROL FUEL PUMP SIGNAL 
120 lranay 
12 
2 


| 
G) 
Ps] 
x 


pS 
= 


EGR SOLENOID 
NOT USED 


CONTROL 
NOT USED 
EST REFERENCE HIGH 


"CHECK ENGINE” LIGHT 
CONTROL 
IGNITION FUSE 1 
(ECM | FUSE) , 
SERIAL DATA | a6 Ee 
DIAGNOSTIC TEST pee 
TERMINAL 
A11 CTS & TPS SENSOR 452 RS 


SYSTEM GROUND 450 


fos) 


ARK/NEUTRAL SWITCH (4) 
IGNAL 


OT USED 


4) 
Pe) 
(e) 
= 
2 
1e) 


(1) Battery voltage first two seconds 

(2) Varies from 2 volts to 5 volts 

(3) Varies from 0 to battery voltage depending on position of drive wheels. 

(4) 0 volts in neutral, battery voltage in gear. Back VIEW 


OF 
CONNECTOR 


ENGINE: 2.5L 
VEHICLE: LLV 


24 PIN A-B 


" 10-22-90 
CONNECTOR = ye inet 


Figure 6E-21 - ECM Connector Terminal End View (1 of 2) 
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TBI FUEL INJECTION ECM CONNECTOR IDENTIFICATION 
This ECM voltage chart is for use with a digital voltmeter to further aid in diagnosis. These voltages 
were derived from a known good vehicle. The voltages you get may vary due to low battery charge 
or other reasons, but they should be very close. 


THE FOLLOWING CONDITIONS MUST BE MET BEFORE TESTING: 
@ Engine at operating temperature @ Engine idling in closed loop (for “Engine Run” column) 
® Diagnostic terminal not grounded @ Tech 1 (“Scan”) in open/road test mode 


NORMAL NORMAL 
CKT | WIRE VOLTAGE CKT | WIRE VOLTAGE 
PIN FUNCTION # | couor Pay PIN FUNCTION = | eee 
NOT USED = S55 La Soe SYSTEM GROUND | 551 | TAN/WHT ES 
NOT USED = ees ee ees MAP, IAT SENSOR aes 
IAC “B” LOW 444 | LT GRNW NOT |USABLE GROUND 
C4 }IAC “B” HIGH LTGRN/ | NOT |USABLE 
WHT EST CONTROL WHT ay 
C5 [IAC “A” HIGH LTBLU/ | NOT JUSABLE EST BYPASS TAN/BLK 475 
ae es ees | 
OXYGEN SENSOR TAN 
IAC “A” LOW 4a2 tie USABLE GROUND oie 


C8 |P/S HIGH PRESSURE 
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NJECTOR CONTROL 467 
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F 
CONNECTOR 


(1) Battery voltage when cranking 
(2) About 1.0 volt, varies with temperature 


> 


(3) .6 volt to about 4.8 volts at Wide Open Throttle (WOT) =U 
(4) .26 to .46 volts =e 
(5) Varies from .1 volt to .9 volt =0 
* Less than .5 volt cad oo 
(6) 14 volts “NORMAL,” 0 volt “HIGH PRESS” =4 oOo 
wood 
PAGE 
oo 
ENGINE: 2.5L -HOr-- 
VEHICLE: LLV = be 
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pa | 9 cs 
= ao 
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32 PINC-D 11-26-90 


CONNECTOR MS 10905 


Figure 6E-22 - ECM Connector Terminal End View (2 of 2) 
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Remove or Disconnect (Figures 1 and 2) [[e} inspect 


1, ECM access cover. Type of clips used on the MEM-CAL sockets. 


Importa nt There are two types of clips used on the MEM-CAL sockets. A “solid” type is 


used on the early production models. See Figure 3. 
DO NOT remove any of the other screws. 


Access Cover 


Hollow Type Solid Type 


Figure 4 


ECM 
Top Cover 


Press only on the ends of the MEM-CAL. 
Small notches in the MEM-CAL must be aligned with the small notches in the 
Figure 1 MEM-CAL socket. 


2. ECM access cover. 


[2 ] important 


Replacement Electronic Control Module (ECM) is supplied without a Memory- 
Calibration unit (MEM-CAL) so care should be taken when removing the MEM- 
CAL from the defective ECM as it will be reused in the new ECM. 


Using two fingers, push both retaining clips back away from the MEM-CAL at 
the same time. Grasp the MEM-CAL at both ends and lift straight up out of the 
MEM-CAL socket. Do not remove the cover of the MEM-CAL. Use of 
unapproved MEM-CAL removal methods will cause damage to the MEM-CAL or 
MEM-CAL socket. 
Figure 7 


Gently press down on the ends of the MEM-CAL until the clips are against the 
side of the MEM-CAL. Press inward on the clips until they snap into place. Listen 
for the click. 


[2 ]important 


Do not press on the ends of the MEM-CAL until the clips snap into place because 
the Controller Circuit Board and/or clips may be damaged. 


For alignment notches of the MEM-CAL and carefully set aside. Do not open the 
MEM-CAL. 


Figure 3 


|e Inspect 


Remove or Disconnect (Figures 1 and 2) a ee 


1, New Electronic Control! Module (ECM) from its packaging and check the service 
number to make sure it is the same as the defective ECM. Install or Connect (Figures 1 ) 


2. Access cover. 
1. Access cover on ECM. 


. 2. ECM to mounting bracket in correct location and perform “DIAGNOSTIC CIRCUIT 
Install or Connect (Figures 4,5,6,7 and 8) CHECKS* to confirm proper installation. 


1. MEM-CAL in MEM-CAL socket. 11-29-90 
MS 8853-6E 


Figure 6E-23 - Servicing ECM - 2.5L 
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[1] ELECTRONIC CONTROL MODULE (ECM) 
[2] STEERING COLUMN 


[3] ENGINE COVER MS 10877 


Figure 6E-24 - ECM Location 


6S 2545-6E 


Figure 6E-26 - MEM-CAL (Calibrator) Unit Installation 


[1] THERMOSTAT HOUSING 


[2] COOLANT TEMPERATURE SENSOR (CTS) 
MS 10878 


Figure 6E-27 - Coolant Temperature Sensor (CTS) 
IF ECM IS BEING REPLACED 


Remove or Disconnect 


1. New ECM from its packaging and check the 
service number to make sure it is the same as the 
defective ECM. 

2. Access cover. 


Install or Connect 


1. MEM-CAL in MEM-CAL socket. 


Important 


@ Press only on the ends of the MEM-CAL. 
Small notches in the MEM-CAL must be 
aligned with the small notches in the MEM- 
CAL socket. Press on the ends of the MEM- 
CAL, until the retaining clips snap into the 
ends of the MEM-CAL. Do not press on the 
middle of the MEM-CAL, only the ends. 

2. Access cover on ECM. 
3. ECM in passenger compartment. 
4. Connectors to ECM. 


Functional Check 


1. Turnignition “ON.” 
2. Enter diagnostic mode. 
A. Code 12 should flash four times (if no other 
codes are present). This indicates the MEM- 
CAL is installed properly, and ECM is 
functioning. 


B. If trouble Code 51 occurs, or, if the “CHECK 
ENGINE” light is “ON” constantly, with no 
codes, the MEM-CAL is not fully seated, or is 


defective. 
@ Ifnot fully seated, press firmly on ends 
of MEM-CAL. 


e If it is necessary to remove the MEM- 
CAL, follow the previous removal 
instructions. 


NOTICE: To prevent possible Electrostatic 
Discharge damage to the MEM-CAL, Do Not touch 
the component leads, and Do Not remove 
integrated circuit from carrier. 


COOLANT TEMPERATURE SENSOR (CTS) 
REPLACEMENT 
Figure 6E-27 


NOTICE: Care must be taken. when handling 
coolant sensor. Damage to coolant sensor will 
affect proper operation of the Fuel Control system. 


Remove or Disconnect 


1. Negative battery cable. 

2. Drain cooling system below level of sensor. 
3. Electrical Connector. 

4. Coolant sensor. 


Install or Connect 


1. Sensor in engine. 

2. Electrical connector. 

3. Refill coolant system. 
4. Negative battery cable. 


MANIFOLD ABSOLUTE PRESSURE (MAP) 
SENSOR REPLACEMENT 
Figure 6E-28 


Other than checking for loose hoses and electrical 
connections, the only service possible is unit 
replacement, if diagnosis shows sensor to be faulty. 


Remove or Disconnect 


1. Negative battery cable. 

2. Vacuum harness assembly. 

3. Electrical connector releasing locking tab. 

4. Bolts or release lock tabs and remove sensor. 


Install or Connect 


1. Bolts or snap sensor on bracket. 
2. Electrical connector. 

3. Vacuum harness. 

4. Negative battery cable. 
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[1] port “ys” 
[2] HARNESS ASSEMBLY 
[3] RETAINER 
[4] MAP SENSOR 
Figure 6E-28 - Manifold Absolute Pressure (MAP) 
Sensor 


OXYGEN (02) SENSOR REPLACEMENT 
Figure 6E-29 


Important 


@ The oxygen sensor uses a permanently attached 
pigtail and connector. This pigtail should not be 
removed from the oxygen sensor. Damage or 
removal of the pigtail or connector could affect 
proper operation of the oxygen sensor. 

@ Take care, when handling the oxygen sensor. The 
in-line electrical connector and louvered end must 
be kept free of grease, dirt, or other contaminants. 
Also, avoid using cleaning solvents of any type. Do 
no drop or roughly handle the oxygen sensor. 

@ The oxygen sensor may be difficult to remove, 
when engine temperature is below 48°C (120°F). 
Excessive force may damage threads in exhaust 
manifold or exhaust pipe. 


Remove or Disconnect 


1. Negative battery cable. 
2. Electrical connector. 
3. Carefully back out Oxygen Sensor. 
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Install or Connect 


Important 


@ A special anti-seize compound is used on the 
oxygen sensor threads. The compound consists 
of a liquid graphite and glass bead. The 
graphite will tend to burn away, but the glass 
beads will remain, making the sensor easier to 
remove. 

New, or service, sensors will already have the 

compound applied to the threads. If a sensor is 


EXHAUST MANIFOLD removed from an engine, and, if for any reason it is to 


ELECTRICAL CONNECTOR be reinstalled, the threads must have anti-seize 


OXYGEN SENSOR compound applied, before reinstallation. 
GASKET 7S 3743-6E 


1. Coat threads of oxygen sensor with anti-seize 
compound P/N 3613695, or equivalent, if 
necessary. 

2. Sensor, and torque to 41 N-m (30 lb. ft.). 

3. Electrical connector. 

4. Negative battery cable. 


THROTTLE POSITION SENSOR (TPS) 
REPLACEMENT 
Figure 6E-30 


NOTICE: The TPS is an electrical component and 
must not be soaked in any liquid cleaner or 
solvent, as damage may result. 


[1] THROTTLE BODY ASSEMBLY Remove or Disconnect 


[2 ] THROTTLE POSITION SENSOR : a ees ert gasket. Discard ‘ga 
7S 3415-6E . Two attaching screw assemblies. 
EI eeciatlamass 3. TPS from throttle body assembly. 


Figure 6E-30 - Throttle Position Sensor (TPS) 

Install or Connect 

1. With throttle valve closed, install TPS on throttle 
shaft. Rotate counterclockwise, to align mounting 
holes. 

2. Two TPS attaching screw assemblies. 


[a] Tighten 


@ Screw assemblies to 2.0 N-m (18.0 lb. in.). 
3. Air Cleaner and new gasket. 


INTAKE AIR TEMPERATURE (IAT) SENSOR 
1] (APPLY SEALER TO THREADS ONLY) 


[2] ENGINE INTAKE MANIFOLD 


7S 3544 


Figure 6E-31 - Intake Air Temperature (IAT) Sensor 


[1] PARK NEUTRAL P/N SWITCH 

[2] STEERING COLUMN 

| 3. | P/N ELECTRICAL CONNECTOR 
Figure 6E-32 - Park/Neutral (P/N) Switch 


MS 10941 


[7] POWER STEERING GEAR 
[2] POWER STEERING PRESSURE SWITCH 


[3] INLET PIPE 


MS 10882 
Figure 6E-33 - Power Steering Pressure Switch (PSPS) 


INTAKE AIR TEMPERATURE (IAT) SENSOR 
(Formerly MAT Sensor) 
Figure 6E-31 


Remove or Disconnect 


1. Negative battery cable. 
2. Electrical connector releasing locking tab. 
3. IAT sensor. 


Install or Connect 


1. IAT sensor. 
2. Electrical connector. 
3. Negative battery cable. 
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VEHICLE SPEED SENSOR (VSS) 


Refer to Section 8C in Service Manual, for vehicle 
speed sensor service, which is part of the speedometer 
and instrument center. 


PARK/NEUTRAL (P/N) SWITCH 
Figure 6E-32 


Adjustment 


1. Move the switch housing all the way toward “low 
gear” position. 

2. Move gear selector to “park” position. The main 
housing and housing back should ratchet, 
providing proper switch adjustment. 


Remove or Disconnect 


1. Place gear selector in “neutral.” 
2. Electrical connectors. 
3. Spread tangs on housing and pull switch. 


Install or Connect 


1. Align actuator on switch, with hole in shift tube. 

2. Position rearward portion of the switch (connector 
side) to fit into cutout in lower jacket. 

3. Push down on front of switch to engage the two 
tangs. 

4. Move gear selection to “park” and switch is 
adjusted. 

5. Electrical connectors. 


POWER STEERING PRESSURE SWITCH (PSPS) 
Figure 6E-33 


Remove or Disconnect 


1. Electrical connector. 
2. Power Steering Pressure switch. 


Install or Connect 


1. Power Steering Pressure switch. 
2. Electrical connector. 


PARTS INFORMATION 
PART NAME GROUP 


Controller, ECM wcccccccccecsce 3.670 
Sensor, CoolantTemp. w«ecceeceeee 3.670 
Sensor, Exhaust Oxygen eeceseeeee 3.670 
Sensor, MAP wccccccccccceccee 3.670 
Sensor, Throttle Position: Part of 

Sensor Kit, Throttle Position ....... 3.440 
Switch, Neu. St.& BackingLP ...... 2.698 


6E-106 FUEL AND EMISSION CONTROL 


BLANK 
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FUEL CONTROL 
CONTENTS 


GENERAL DESCRIPTION ..cccccccccce 
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MODES OF OPERATION 
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GENERAL DESCRIPTION 


PURPOSE 


The fuel control system is controlled by an 
Electronic Control Module (ECM) located in the 
passenger compartment. The ECM is the control 
center of the Computer Command Control system 
found in Section “3” which provides additional 
information about fuel control and delivery. 

The basic function of the fuel control system is to 
control fuel delivery to the engine. Fuel is delivered to 
the engine by a Throttle Body Injection (TBI) unit. 

The main control sensor is the Oxygen (Og) sensor, 
which is located in the exhaust manifold. The Og 
sensor tells the ECM the amount of oxygen in the 
exhaust gas, and the ECM changes the air/fuel ratio to 
the engine by controlling the fuel injector. A 14.7:1 
air/fuel ratio is required for efficient catalytic 
converter operation. Because the constant measuring 
and adjusting of the air/fuel ratio, the fuel injection 
system is called a“Closed Loop” system (Figure 4-1). 


MODES OF OPERATION 


The ECM monitors voltages from several sensors 
to determine how much fuel to give the engine. The 
fuel is delivered under one of several conditions, called 
“modes.” All the modes are controlled by the ECM. 


Starting Mode 


When the key is first turned “ON,” the ECM turns 
“ON” the fuel pump relay for two seconds, and the fuel 
pump builds up pressure to the TBI unit. The ECM 
checks the Coolant Temperature Sensor (CTS), 
Throttle Position Sensor (TPS), Manifold Absolute 
Pressure (MAP) sensor, and crank signal, then 
determines the proper air/fuel ratio for starting. This 
ranges from 1.5:1 at -36°C (-33°F) to 14.7:1, at 94°C 
(201°F) running temperature. 

The ECM controls the amount of fuel delivered in 
the Starting Mode by changing how long the injector is 
turned “ON” and “OFF.” This is done by pulsing the 
injector for very short times. 


Clear Flood Mode 


If the engine floods, clear it by pushing the 
accelerator pedal down all the way. The ECM then 
pulses the injector at 20:1 air/fuel ratio. The ECM 
holds this injector rate as long as the throttle stays 
wide open, and the engine is below 600 rpm. If the 
throttle position becomes less than 80%, the ECM 
returns to the Starting Mode. 


FUEL & AIR 


ENGINE 
COMBUSTION 


TRANSMISSION 
FUEL MIXTURE 
COMMAND 


OXYGEN SENSOR A 


OXYGEN SENSOR 
VOLTAGE INFORMATION 


CONTROL 
MODULE 


“CLOSED LOOP” 
6S 2692-6 


FUEL PUMP AND 
SENDING UNIT 


FUEL SUPPLY LINE 
FUEL FILTER 
TBI UNIT 
[5] FUEL RETURN LINE 


4S 0055-6E 


Figure 6E-35 - Fuel Control System 
Run Mode . 


The Run Mode has two conditions called “Open 
Loop” and “Closed Loop.” 


“Open Loop” 


When the engine is first started, and engine is 
above 400 rpm, the system goes into “Open Loop” 
operation. In “Open Loop,” the ECM will ignore the 
signal from the Oxygen (Og) sensor, and calculates the 
air/fuel ratio based on inputs from the Coolant and 
MAP Sensors. 


The system will stay in “Open Loop” until the 
following conditions are met: 

1. The Og sensor has varying voltage output, showing 
that it is hot enough to operate properly. (This 
depends on temperature.) 

2. The Coolant Sensor is above a specified 
temperature. 

3. A specific amount of time has elapsed after. 
starting the engine. 


“Closed Loop” 


The specific values for the above conditions vary 
with different engines, and are stored in the MEM- 
CAL. When these conditions are met, the system goes 
into “Closed Loop” operation. In “Closed Loop,” the 
ECM will calculate the air/fuel ratio (injector on-time) 
based on the signal from the O2 sensor. This allows 
the air/fuel ratio to stay very close to 14.7:1. 


Acceleration Mode 


The ECM looks at rapid changes in throttle 
position and manifold pressure , an provides extra fuel. 


Deceleration Mode 


When deceleration occurs, the fuel remaining in 
the intake manifold can cause excessive emissions and 
backfiring. Again, the ECM looks at changes in 
throttle position and manifold pressure and reduces 
the amount of fuel. When deceleration is very fast, the 
ECM can cut “OFF” fuel completely for short periods. 


Battery Voltage Correction Mode 


When battery voltage is low, the ECM can 
compensate for a weak spark delivered by the 
distributor by: 

@ Increasing injector on-time of fuel delivered; 
@ Increasing the idle rpm; and 
@ Increasing ignition dwell time. 


Fuel Cutoff Mode 


No fuel is delivered by the injectors, when the 
ignition is “OFF.” This prevents dieseling. Also, fuel 
is not delivered, if no reference pulses are seen from 
the distributor, which means the engine is not 
running. Fuel cutoff will also occur at high engine 
rpm, to protect internal engine components from 
damage. 
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Figure 6E-36 - Model 700 TBI Unit 
FUEL CONTROL COMPONENTS SYSTEM 


8S 4698-6E 


The fuel control system (Figure 6E-35) consists of 
the following components: 
@ Throttle Body Injection (TBI) unit including: 


@ Fuel pump. - Vacuum Ports. 

@ Fuelpumprelaycircuit. - Fuel Injector. 

@ Fuel filters. - Pressure regulator. 

@ Fueland vapor pipes. - Idle Air Control 
(IAC) Valve. 

@ Fuel tank. - Throttle Position 
Sensor (TPS). 


@ Evaporative Emission Control System (EECS). 

The fuel control system has an electric fuel pump, 
located in the fuel tank with the gage sending unit. 
The fuel pump pumps fuel to the TBI through the fuel 
supply line, then through and in-line fuel filter. The 
pump is designed to provide pressurized fuel above 125 
kPa (18 psi). 

A pressure regulator in the TBI keeps fuel 
available to the injector at a constant pressure 
between 62 and 90 kPa (9 and 13 psi). Fuel in excess of 
injector needs is returned to the fuel tank by a 
separate line. 

The ECM controls the injector that is located in the 
fuel meter body assembly of the TBI. The injector 
delivers fuel in one of several modes, described above. 

In order to properly control the fuel supply, the 
fuel pump is operated by the ECM through the fuel 
pump relay and oil pressure switch (see “Fuel- Pump 
Relay Circuit”). 
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Figure 6E-37 - TBI 700 Unit Operation 


THROTTLE BODY INJECTION (TBI) UNIT 
MODEL 700 
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The Model 700 TBI unit, used on the L-4 engine 
(Figure 6E-36), is made up of two major casting 
assemblies: 

1. A fuel meter body with: 

@ A fuel meter assembly, including a pressure 

regulator. 

e A fuel injector. 

2. Athrottle body with: 

@ A throttle valve (TV). 

e Anldle Air Control (IAC) valve. 

e AThrottle Position Sensor (TPS). 

The throttle body portion of the TBI unit may 
contain ports located above, or below, the throttle 
valve. These ports generate the vacuum signals for 
the EGR valve, MAP sensor, and the canister purge 
system. 


Vacuum Ports 


The throttle body portion of the TBI unit contains 
ports located above, and below the throttle valve. 
These ports generate the vacuum signals for the 
Exhaust Gas Recirculation (EGR) valve, Manifold 
Absolute Pressure (MAP) sensor, and the canister 


purge system. 


[1] FUEL METER ASSEMBLY 
[2] THROTTLE BODY ASSEMBLY [E ] ELECTRICAL 


[3 ] IDLE AIR CONTROL VALVE INPUT SIGNAL 
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[D] THROTTLE VALVE 
Figure 6E-38 - Idle Air Control System 


Fuel Injector 
Figure 6E-37 
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A fuel injector is a solenoid operated device 
controlled by the ECM. The ECM turns on the 
solenoid, which lifts a normally closed ball valve off a 
seat. The fuel, under pressure, is injected in a conical 
spray pattern at the walls of the throttle body bore 
above the throttle valve. The fuel, which is not used by 
the injector, passes through the pressure regulator, 
before being returning to the fuel tank. 


Pressure Regulator 
Figure 6E-37 


The pressure regulator is a diaphragm operated 
relief valve, with injector pressure on one side and air 
cleaner pressure on the other. The function of the 
regulator is to maintain a constant pressure at the 
injector at all times, by controlling the flow in the 
return line (i. e. a calibrated bypass). 

The pressure regulator is serviced as part of the 
fuel meter assembly. 


Idle Air Control (IAC) System 
Figure 6E-38 and 6E-39 


All engine idle speeds are controlled by the ECM 

through the Idle Air Control (IAC) valve mounted on 
the throttle body. The ECM sends voltage pulses to the 
IAC motor windings causing the IAC motor shaft and 
pintle to move “IN” or “OUT” a given distance 
(number of steps) for each pulse, (called counts). 
This movement controls air flow around the throttle 
plate, which in turn, controls engine idle speed, either 
cold or hot. IAC valve pintle position counts can be 
seen using a “Scan” tool. 0 counts corresponds to fully 
closed passage, while 140 counts or more (depending 
on the application) corresponds to full flow. 

@ Actual or “controlled” idle speeds is obtained by 
the ECM positioning the IAC valve pintle. 
Resulting idle speed is generated from the total 
idle air flow. (IAC/passage + PCV + throttle 
valve + vacuum leaks.) 

@ Controlled idle speed is always specified for 
normal operating conditions. Normal operating 
condition is coolant temperature in operating 
range, the A/C is “OFF,” manual transmission is 
in neutral or automatic transmission in drive. A 
high or low coolant temperature, or A/C clutch 
engaged may signal the ECM to change the IAC 
counts. 

@ The minimum idle air rate is set at the factory 
with a stop screw to permit enough air flow by the 
throttle valves to cause the IAC valve pintle to be 
positioned a calibrated number of steps (counts) 
from the seat during normal controlled idle 
operation at sea level or low altitude on an engine 
with more than 500 miles. The IAC counts will be 
higher on an engine with less than 500 miles, an 
engine operating at high altitude or an engine 
with an accessory load such as the alternator, 
power steering. 
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Figure 6E-39 - Idle Air Control (IAC) Valve 
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Figure 6E-40 - Throttle Position Sensor (TPS) 


Throttle Position Sensor (TPS) 
Figure 6E-40 


The Throttle Position Sensor (TPS), is mounted on 
the side of the throttle body opposite the throttle lever 
assembly. Its function is to sense the current throttle 
valve position and relay that information to the ECM. 
Throttle position information is needed by the ECM to 
generate the required injector control signals (pulses). 
Should the TPS sense a wide open throttle, a voltage 
signal indicating this condition is sent to the ECM. 
The ECM will then widen the injector pulses or 
increase the repetition rate (frequency of the applied 
pulses) permitting increased fuel flow. 

As the throttle valve rotates in response to 
movement of the accelerator pedal, the throttle shaft 
transfers this rotational movement to the TPS. A 
potentiometer (variable resistor) within the TPS 
assembly changes its resistance and voltage drop in 
proportion to throttle movement. 

By applying a reference voltage (5.0 volts) to the 
TPS input, a varying voltage (reflecting throttle 
position) is available at the TPS output. For example, 
approximately 2.5 VDC results from a 50% throttle 
valve opening (depending on TPS calibration). The 
voltage output from the TPS assembly is routed to the 
ECM for use in determining throttle position. 
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Figure 6E-41 - Fuel Control System 


FUEL PUMP 


The fuel pump is a turbine type, low pressure, 
electrical pump, mounted in the fuel tank. Fuel is 
pumped at a positive pressure (above 62 kPa or 9 psi) 
from the fuel pump through the in-line filter to the 
pressure regulator in the TBI assembly. Excess fuel is 
returned to the fuel tank, through the fuel return line. 

The pump is attached to the fuel gage sender 
assembly. A fuel strainer is attached to the fuel pump 
inlet line and prevents dirt particles form entering the 
fuel line and tends to separate water from the fuel. 

Vapor lock problems are reduced, when using an 
electric pump, because the fuel is pushed from the tank 
under pressure rather than pulled under vacuum, a 
condition that produces vapor. 


FUEL PUMP RELAY CIRCUIT 


When the key is first turned “ON,” without the 
engine running; the ECM will turn the fuel pump 
relay “ON” for two seconds. If the engine is not started 
within two seconds, the ECM will shut the fuel pump 
“OFF.” As soon as the engine is cranked, the ECM will 
turn the relay “ON” and run the fuel pump. 

As a backup system to the fuel pump relay, the fuel 
pump can also be turned “ON” by the oil pressure 
switch. The oil pressure switch is normally, open and 
closes when oil pressure reaches about 28 kPa (4 psi). 
If the fuel pump relay fails, the oil pressure switch 
circuit will run the fuel pump. 

An inoperative fuel pump relay can result in long 
cranking times, particularly if the engine is cold. The 
oil pressure switch will turn “ON” the fuel pump, as 
soon as oil pressure reaches about 28 kpa (9 psi). 

An inoperative fuel pump would cause a no start 
condition. A fuel pump, which does not provide 
enough pressure, can result in poor performance. 


FUEL FILTERS 
Inline Filter 


CAUTION: To reduce th risk of fire and 
personal injury, it is necessary to allow 
fuel pressure to bleed off before 
servicing fuel system components. (See 
Fuel System Pressure Relief.) 


The inline filter is located in the fuel feed line. It 
prevents dirt from entering the TBI unit. 


In Tank Filter 


A woven plastic filter is located on the lower end of 
the fuel pickup tube in the fuel tank. This filter 
prevents dirt from entering the fuel line and, also, 
stops water, unless the filter becomes completely 
submerged in water. This filter is self-cleaning and 
normally requires no maintenance. Fuel stoppage, at 
this point, indicates that the fuel tank contains an 
abnormal amount of sediment or water; the tank 
should, therefore, be thoroughly cleaned. 


FUEL AND VAPOR PIPES 


The fuel feed and return pipes and hoses extend 
from the fuel pump and sender to the TBI unit. They 
are secured with clamps and are routed along the 
frame side member. 

The vapor pipe and hoses extend from fuel pump 
and sender unit to the Evaporative Emission Control 
canister. 


FUEL TANK 


The fuel tank, at the rear of the underbody, is held 
in place by two metal straps. Anti-squeak pieces are 
used on top of the tank to reduce rattles. 


Filler Neck 


To help prevent refueling with leaded gasoline, the 
fuel filler neck on gasoline engine vehicles has a built- 
in restrictor and deflector. The opening in the 
restrictor will only admit the smaller unleaded gas 
nozzle spout, which must be fully inserted to bypass 
the deflector. Attempted refueling with a leaded gas 
nozzle, or failure to fully insert the unleaded gas 
nozzle, will result in gasoline splashing back out of the 
filler neck. 


FUEL AND EMISSION CONTROL 6E-113 


Fuel Filler Cap 


The fuel tank filler neck is equipped with a screw- 
type cap. The threaded part of the cap requires several 
turns counterclockwise to remove. The long threaded 
area was designed to allow any remaining fuel tank 
pressure to escape, while the cap was being removed. 
A built-in torque-limiting device prevents 
overtightening. To install turn the cap clockwise until 
a clicking noise is heard. This signals that the correct 
torque has been reached and the cap is fully seated. 


DIAGNOSIS 


FUEL 
GASOLINE 


All engines are designed to use unleaded fuel 
only. Unleaded fuel must be used for proper 
emission control system operation 

Its use will also minimize spark plug fouling and 
extend engine oil life. Using leaded fuel can damage 
the emission control system and could result in loss 
of emission warranty coverage. The fuel should need 
specification ASTM D4814 for the U.S. or CGSB 3.5- 
M87 for Canada. 

The 2.5L (VIN E and VIN A) engine is designed 
to use unleaded fuel with a minimum [(R+M)/2)] 
(pump) octane number of 87, where; R=research 
octane number, and M = motor octane number. 


Gasoline with Alcohol. 


NOTICE: Do not spill fuel containing alcohol on 
the vehicle. Alcohol can cause damage to the 
paint finish and trim. 


Alcohol In Fuel 


Alcohol-in-fuel can be detrimental to fuel system 
components and may cause driveability problems 
such as hesitation, lack of power, stall, no start, etc. 

The problem may be due to fuel system corrosion 
and subsequent fuel filter plugging, deterioration of 
rubber components and/or air fuel mixture leaning. 

Various types and concentrations of alcohol are 
used in commercial fuel. Some alcohol is more 
detrimental to fuel system components than others. 


If an excessive amount of alcohol in the fuel is 
suspected as the cause of a driveability condition, the 
following procedure may be used to detect the 
presence of alcohol in the fuel. In this procedure, 


_water is used to extract the alcohol from the fuel. 


Testing Procedure 


The fuel sample should be drawn from the 
bottom of the tank so that any water present in the 
tank will be detected. The sample should be bright 


and clear. If the sample appears cloudy, or 


contaminated with water (as indicated by a water 

layer at the bottom of the sample), this procedure 

should not be used, and the fuel system should be 
cleaned (see “Fuel System Cleaning”). 

1. Using a 100 ml cylinder with 1 ml graduation 
marks, fill with fuel to the 90 ml mark. 

2. Add 10 ml of water to bring the total fluid 

volume to 100 ml and install a stopper. 

Shake vigorously for 10 to 15 seconds. 

Carefully loosen the stopper to release pressure. 

Close the stopper and shake vigorously again for 

10 to 15 seconds. 

6. Put the graduate cylinder on a level surface for 
approximately 5 minutes to allow adequate 
liquid separation. 

If alcohol is present in the fuel, the volume of the 
lower layer (which would now contain both alcohol 
and water) will be greater than 10 ml. 

For example, if the volume of the lower layer is 
increased to 15 ml, it will indicate at least 5 percent 
alcohol in fuel. The actual amount of alcohol may be 
somewhat greater because this procedure does not 
extract all of the alcohol from the fuel. 
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Methyl Tertiary-Butyl Ether (MTBE) 


Fuel containing Methyl Tertiary-Butyl Ether 
(MTBE) may be used, providing there is no more than 
15% alcohol by volume. 


Ethanol 


Fuel containing Ethanol (Ethyl) or grain alcohol 
may be used, providing that there is no more than 10% 
ethanol alcohol by volume. 


Methanol 


Fuel containing Methanol (Methyl) or wood 
alcohol may be used, providing that there is no more 
than 5% methanol by volume. 


NOTICE: Do not use fuel than contains more 
than 5% methanol. Use of a fuel (gasohol) that 
contains more than 5% of methanol can corrode 
metal fuel system components and damage plastic 
and rubber parts. 


ACCELERATOR CONTROL 


The accelerator control system is a control cable 
type, attached to an accelerator pedal assembly. 


EVAPORATIVE EMISSION CONTROL SYSTEM 
(EECS) 


This system transfers fuel vapors from the fuel 
tank into a vapor canister and then vapors are purged 
into the intake manifold air flow and consumed in 
combustion. 


FUEL CONTROL SYSTEM 
THROTTLE BODY INJECTION (TBI) UNIT 


The diagnosis of fuel control and the TBI unit is in 
the “Computer Command Control” section. This 
system has a built in diagnostic system in the ECM to 
indicate a failed circuit. This section will explain the 
system check and the codes related to fuel control. 

The fuel control can be the reason that the engine 
cranks, but will not run and the diagnosis is, also, in 
the Computer Command Control section. If diagnosis 
indicates that the engine will not run because there is 
a fuel delivery problem, the diagnosis of the fuel 
system is, also, included in Computer Command 


Control section. 


Fuel Injectors 


Testing the fuel injector circuit is in CHART A-3 
and additional diagnosis i in CHART Be 41 in “Computer 
Command Control,” section. 

A fuel injector which does not open may cause a no- 
start condition. An injector which is stuck partly open, 
could cause loss of pressure after sitting, so long crank 
times would be noticed on some engines. Also, 
dieseling could occur because some fuel could be 
delivered to the engine after the key is turned “OFF.” 


Pressure Regulator 


Testing the pressure regulator circuit is in CHART 
A-3 and A-4, in “Computer Command Control” section. 

If the pressure regulator in the TBI supplies 
pressure which is too low (below 62 kPa or 9 psi), poor 
performance could result. If the pressure is too high, 
excess emissions and unpleasant exhaust odor may 
result. 


Idle Air Control 


If the IAC valve is disconnected or connected with 
the engine running, the idle rpm may be wrong. In 
this case, the IAC valve may be reset by turning the 
engine “OFF” for ten seconds and then re-starting the 
engine. 

The IAC valve affects only the idle characteristics 
of the engine. If it is open fully, too much air will be 
allowed to the manifold and idle speed will be high. If 
it is stuck closed, too little air will be allowed in the 
manifold, and idle speed will be too low. If it is stuck 
part way open, the idle may be rough, and will not 
respond to engine load changes. 

The minimum idle speed is set at the factory witha 
stop screw. The stop screw should not be adjusted. 

Vacuum leaks will cause the IAC valve pintle to be 
“stepped” closer to the seat or to be closed against its 
seat in an attempt to maintain controlled idle speed. 

The diagnosis of idle air control can be found in 
Code 35, “Computer Command Control” section. 


Throttle Position Sensor 


Refer to “Computer Command Control” section for 
diagnosis of the throttle position sensor. 


Driveability Symptoms 


Refer to “Driveability Symptoms” section for 
additional fuel control diagnosis. 


FUEL PUMP 


Refer to system diagnosis in “Computer Command 
Control” section for fuel pump diagnosis. 

An inoperative fuel pump would cause a no start 
condition. A fuel pump which does not provide enough 
pressure can result in poor performance. (see “Fuel 
System Pressure Test” procedure.) 


Fuel Pump Relay Circuit 


Refer to CHART A-5 in “Computer Command 
Control” section for fuel pump relay circuit diagnosis. 


An inoperative fuel pump relay can result in long. 
cranking times, particularly if the engine is cold. The 


_ oil pressure switch will turn “ON” the fuel pump as 
soon as oil pressure reaches about 28 kPa (4 psi). 


OIL PRESSURE SWITCH 


Refer to “Fuel Pump Relay Circuit” check in 
“Computer Command Control” section for oil pressure 
switch diagnosis. 


FUEL FILTER 


The diagnosis of the fuel filter is covered in 
“Computer Command Control” section as part of the 
fuel system diagnosis. 
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A plugged fuel filter may cause a restricted fuel 
delivery, or ano start condition. 


FUEL PIPES AND HOSES 


The diagnosis of gasoline odor may be a condition 
of a leaking fuel feed, or return pipe or hose. 
' Fuel pipes that are pinched, plugged, or mis-routed 
may cause restricted fuel delivery. 


FUEL TANK 


The diagnosis of gasoline odor may be a condition 
of leaking fuel tank, filler neck, or filler cap. 

A defective filler cap, a plugged or pinched vapor 
pipe can cause a collapsed fuel tank. 

Loose mounting straps, or foreign material in 
tank, may be the cause of a rattle at the fuel tank. 


ACCELERATOR CONTROL 


Check for correct cable routing, or binding, and 
correct as necessary. 


’ EVAPORATIVE EMISSION CONTROL 


Refer to “Evaporative Emission Control” section 
for diagnosis of the Evaporative Emission Control 
System. 


ON-VEHICLE SERVICE 


GENERAL SERVICE INFORMATION 


CAUTION: 
® To prevent personal injury or damage 
to the vehicle as the result of an 
accidental start, disconnect and 
reconnect the negative battery cable 
before and after service is being 
se etabeiese (except for those test where 
attery voltage is required). 
® To minimize the risk of fire, and 
‘ain injury, disconnect negative 
attery cable and relieve the fuel system 
pressure (where applicable) before 
servicing the fuel system. (See “Fuel 
Pressure Relief Procedure.”) 
e@ Also, catch any fuel that leaks out 
when disconnecting the fuel lines by 
covering the fittings with a shop cloth. 
Place the cloth in an approved container 
when work is complete. 


The following is general information required when 

working on the fuel system: 

@ Always keep a dry chemical (Class B) fire 
extinguisher near the work area. 

e@ Fuel pipe fittings require new O-rings when 
assembling. 

e All fuel pipe must meet the GM Specification 
124-M, or its equivalent. 

e@ All fuel hose must meet GM Specification 6163-M 
or its equivalent. 

@ Donot replace fuel pipe with fuel hose. 

@ Always allow fuel pressure to bleed off before 
servicing any fuel system components. 

@ Donotdo any repairs on the fuel system until you 
have read the instructions and checked the 
pictures relating to that repair. 

@ Observe all Notices and Cautions. 
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All gasoline engines are designed to use only 
unleaded gasoline to maintain proper emission control 
system operation. Its use will also minimize spark 
plug fouling and extend engine oil life. Using leaded 
gasoline can damage the emission control system and 
could result in loss of emission warranty coverage. 

All vehicles covered in the manual are equipped 
with an evaporative emission system. The purpose of 
the system is to minimize the escape of fuel vapors to 
the atmosphere. Information on this system will be 
found in “Evaporative Emission Control” section. 


TBI SERVICE INFORMATION 


The TBI unit repair procedures cover component 
replacement with the unit on the vehicle. However, 
throttle body replacement requires that the complete 
unit be removed from the engine. 

An eight digit part identification number is 
stamped on the throttle body (Figure 6E-42). Refer to 
this number if servicing or part replacement is 
required. 

Refer to the disassembled view (Figure 6E-44) for 
identification of parts during repair procedures. 
Service repair of individual components is performed 
without removing the TBI unit from the engine. If 
removed, it is essential that care is taken to prevent 
damage to the throttle valve or sealing surface while 
performing any service. 

Whenever service is performed on a TBI or any of 
its components, first remove the air cleaner, adapter (if 
applicable), and air cleaner gaskets. Discard the 
gaskets and replace them with new ones before 
replacing the air cleaner after service is complete. 

When disconnecting the fuel lines, be sure to use a 
backup wrench (J 29698-A, or BT-8251-A, or 
equivalent to keep the TBI nuts from turning. 


Fuel System Pressure Relief 


Whenever there is fuel system service required for 
the fuel lines, the TBI unit, fuel pump, or pressure test, 
the following procedure should be followed: 


CAUTION: A small amount of fuel may 
still be released, when the fuel line is 
disconnected. To reduce the chance of 
personal injury, cover the fitting to be 
disconnected with a shop cloth. Place the 
cloth in an approved container, when 
disconnect is completed. 


;— MODEL NUMBER— 


DAY OF vean—] | 
YEAR 
ASSEMBLY PLANT CODE 
SHIFT IDENTIFICATION 
SOURCE CODE 


9P 1176-AS 


Figure 6E-42 - TBI Model 700 Identification 


The TBI 700, for the L-4 engine, contains no 
constant bleed feature and requires relieving the fuel 
pressure as follows: 

1. Place transmission selector in park (neutral on 
manual transmissions), set parking brake, and 
block drive wheels. 

2. Loosen fuel filler cap to relieve tank pressure. 

3. Disconnect three terminal electrical connector at 
fuel tank. 

4. Start engine and allow to run a few seconds until it 
stops from lack of fuel. 

5. Engage starter for three seconds to dissipate fuel 
pressure in lines. Fuel connections are now safe 
for servicing. 

6. Disconnect negative battery terminal to avoid 
possible fuel discharge if an accidental attempt is 
made to start the engine. 

7. After service, reconnect connector at fuel tank, 
tighten fuel filler cap and reinstall negative 
battery cable. 


FUEL SYSTEM PRESSURE TEST 


A fuel system pressure test is part of several of the 
Diagnostic Charts and Symptom checks. To perform 
this test, follow this procedure: 

1. Turn engine “OFF” and relieve fuel pressure 
following above procedure. 

2. Plug Thermac vacuum port if required on TBI. 

3. Uncouple fuel supply flexible hose in engine 
compartment. Install fuel pressure gage 

J 29658A/BT-8205 and adapter J 2968A-85 

between steel line and flexible hose. 
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Figure 6E-43 - Replacing TBI 700 Unit 


Tighten gage in line to ensure no leaks occur 
during testing. 

Connect negative battery terminal. 

Start engine and observe fuel pressure reading. It 
should be 62-90 kPa (9-13 psi). If not, refer to 
CHART A-6 in “Computer Command Control” 
section. 

Relieve fuel pressure. 

Remove fuel pressure gage. 

Install new O-ring on fuel feed line. 


. Reinstall fuel line. 

. Reconnect negative battery terminal. 

. Start engine and check for fuel leaks. 

. Remove plug from vacuum port if installed, and 


install air cleaner with new gasket. 


Cleaning and Inspection 


All TBI component parts, with the exception of 


those noted below, should be cleaned in a cold 
immersion cleaner such a Carbon X (X-55), or 
equivalent. 


NOTICE: The Throttle Position Sensor (TPS), 
Idle Air Control (IAC) valve, pressure regulator 
diaphragm assembly, fuel injectors or other 
components containing rubber, SHOULD NOT be 
placed in a solvent or cleaner bath. A chemical 
reaction will cause these parts to swell, harden or 
distort. Do not soak the throttle body with the 
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above parts attached. If the throttle body 
assembly requires cleaning, soaking time in the 
cleaner should be kept to a minimum. Some 
models have hidden throttle shaft dust seals that 
could lose their effectiveness by extended soaking. _ 


1. Clean all metal parts thoroughly and blow dry 
with shop air. Be sure that all fuel and air 
passages are free of dirt or burrs. 

2. . Inspect mating casting surfaces for damage that 
could affect gasket sealing. 


Thread Locking Compound 


Service repair kits are supplied with a small vial of 
thread locking compound with directions for use. If 
material is not available, use Loctite 262, or GM part 
number 10522624, or equivalent. 


NOTICE: Do not use a higher strength locking 
compound than recommended, since to do so could 
make removing the screw extremely difficult, or 
result in damaging the screw head. 


THROTTLE BODY INJECTION UNIT 
Replacement 
Figure 6E-43 . 


Remove or Disconnect 


THERMAC hose from engine fitting. 

Air cleaner, adapter, and gaskets. Discard gasket. 
Electrical connectors -idle air control valve. 
Grommet with wire from throttle body. 

Throttle linkage, return spring(s) and 
transmission control cable. 

Vacuum hoses, noting positions of hoses. 

Inlet and outlet fuel line nuts, using back-up 
wrench J 29698-A or BT-8251-A. 


ae PE 


No 


CAUTION: Refer to fuel pressure relief 
Jrocedure, before disconnecting fuel 
ines. 


Fuel line O-rings from nuts and discard. 
TBI unit mounting hardware. 
10. TBI unit from intake manifold. 


(© 90 


NOTICE: To prevent damage to the throttle 
valve, it is essential that the unit be placed on a 


holding fixture, before performing service. 


11. TBI flange (manifold mounting) gasket. 


NOTICE: Stuff the manifold opening with a rag 

to prevent material from entering the engine, arid 
remove the old gasket material from surface of 
intake manifold. 
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Inspect 


@ Manifold bore for loose parts and foreign material, 
etc. 
@ Intake manifold sealing surface for clenliness. 


Install or Connect 


1. TBI flange (manifold mounting) gasket. 
2. TBI with mounting hardware. 


Tighten 


@ Hardware 17 N-m (12 lb. ft.). 
3. New O-rings on fuel line nuts. 
4. Fuel line inlet and outlet nuts by hand. 


Tighten 


@ Fuel line nut to 26 N-m (20 lb. ft.). Use back- 
up wrench to keep TBI nuts from turning. 

Vacuum hoses. 

Throttle linkage, return spring(s) and 

transmission control cable. 

7. Grommet, with wire harness. to throttle body. 

8. Electrical connectors, making sure connectors are 
fully seated and latched. 

9. Check to see if accelerator pedal is free, by 
depressing pedal to the floor and releasing, while 
engine is “OFF.” 

10. With engine “OFF,” and ignition “ON,” check for 
leaks around fuel line nuts. 

11. Air cleaner, adapter, and new gaskets. 

12. Start engine and check for fuel leaks. 


Controlled Idle Speed Check 


og 


Before performing this check, there should be no 
codes displayed, idle air control system has been 
checked and ignition timing correct. 

1. Set parking brake and block drive wheels. 

2. Connect a “Scan” tool to the ALDL connector with 
tool in Open/Road Test Mode. 

3. Start engine and bring it to normal operating 
temperature. 

4. Check for correct state of Park/Neutral switch on 
“Scan” tool. 

5. Check specifications chart at the end of this section 
for controlled idle speed and IAC valve pintle 
position (counts). 

6. If within specifications, the idle speed is being 
correctly controlled by the ECM. 

7. If not within specifications, refer to “Rough, 
Unstable or Incorrect Idle, Stalling” in 
“Driveability Symptom” section and review 
information at the beginning of this check. 


Minimum Idle Speed Check 


1. 


2. 
3 


10. 


Li, 


12. 


Check controlled idle speed and perform idle speed 
control system check first. 

Set parking brake and block drive wheels. 

Start engine and bring it to normal operating 
temperature (85°-100°C). Turn engine “OFF.” 
Remove air cleaner, adapter and gaskets. On 
engine VIN “E” vehicle, leave THERMAC hose 
connected. Check that the throttle lever is not 
being bound by the throttle, TV or cruise control 
cables. 

With: IAC valve connected, ground the diagnostic 
terminal (ALDL connector). 

Turn “ON” ignition, do not start engine. Wait at 
least 10 seconds (this allows IAC valve pintle to 
extend and seat in throttle body). 

With ignition “ON,” engine stopped, test terminal 
still grounded, disconnect IAC valve electrical 
connector. (This disables IAC valve in seated 
position). Care should be taken to pull the 
connector straight out so that the moment of 
electrical disconnect is the same for all the pins. 
Otherwise the pintle may move as the connector is 
removed. Remove ground from diagnostic 
terminal. 

Connect a “Scan” tool to the ALDL connector and 
place in open mode. 

Start engine. With transmission in neutral, allow 
engine rpm to stabilize. 

Check rpm against specifications at the end of this 
section. Disregard IAC counts on “Scan” tool with 
the IAC disconnected. If the engine has less than 
500 miles or is checked at altitudes above 1500 
feet, the idle rpm with a seated IAC valve should 
be lower than values above. 

If the minimum idle speed is within specifications, 
no further check is required. 

If the minimum idle speed is not within 
specifications, perform the following procedures: 


. If present, remove stop screw plug by piercing it 


with an awl, then applying leverage (see Figure 
6E-45). The screw is covered to discourage 
unauthorized adjustments. 


. With engine at normal operating temperature 


(85°-100°C), adjust stop screw to obtain nominal 
rpm per specifications with seated IAC valve. 


. Turn ignition “OFF” and reconnect IAC valve 


electrical connector. 


. Disconnect “Scan” tool or tachometer. 
. Use silicon sealant or equivalent to cover stop 


screw hole. 


. Install air cleaner, adapter and gasket. 
. Reset IAC valve. Refer to “Idle Air Control Valve” 


in “Fuel Control” section. 
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Part Names 


Gasket - Air Cleaner 

O-ring - Fuel Line Inlet Nut 
O-ring - Fuel Line Outlet Nut 
Gasket - Flange 

Fuel Meter Body Assembly 


Screw - Fuel Meter Body - 
Throttle Body Attaching 


Gasket - Fuel Meter Body to 
Throttle Body 


Screw - Injector Retainer 
Attaching 

Retainer - Injector 

TBI Injector Assembly 

O-ring - Fuel Injector - Upper 
O-ring - Fuel Injector - Lower 


Pressure Regulator Cover 
Assembly 


Screw - Pressure Regulator 
Attaching 


Seat - Pressure Regulator 
Spring 

Spring - Pressure Regulator 
Pressure Regulator 
Diaphragm Assembly 
Fitting - Fuel Inlet 

Seal - Fuel Fitting 

Fitting - Fuel Outlet 
Throttle Body Assembly 
Plug - Idle Stop Screw 

Idle Stop Screw Assembly 
Spring - Idle Stop Screw 


[1] 
Ls] 
[6] 
2] 
Ls] 
[3s] 
[66] 


o 
~“ 


Sensor - Throttle Position 
(TPS) 


Screw Assembly - TPS 
Attaching 


Idle Air Control (IAC) Valve 
Assembly 

Screw - IAC Valve Attaching 
O-ring - AC Valve 

Tube Module Assembly 


Screw - Tube Module 
Assembly Attaching 


Gasket - Tube Module 
Assembly 


Ee] & Bl ele 


9P 0156-XV 
Figure 6E-44 - Model 700 TBI Parts Identification 
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SHIN 


SASS 


[1] FUEL METER BODY 

[2] FUEL INJECTOR 
SCREWDRIVER 

FULCRUM 


Figure 6E-47 - Removing Fuel Injector - TBI 700 
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[1 ] IDLE stop SCREW ASSEMBLY 
[2 ]1DLE stop SCREW PLUG 
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[1_] FUEL INJECTOR (TOP VIEW) 
[A ] PART NUMBER 

BUIL DATE CODE 

[c ] montH 


1-9 (JAN - SEPT) 
O,N,D (OCT, NOV, DEC) 


[bp ] pay 
LE ] YEAR 


Figure 6E-48 - Fuel Injector Part Number Location 
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Remove or Disconnect 


[1] INJECTOR RETAINER SCREW ASSEMBLY 1. Relieve fuel line pressure, per instructions under 
“Fuel System Pressure Relief” procedure. 

[2] INJECTOR RETAINER 2. Aircleaner and gasket. Discard gasket. 

[3] FUEL METER ASSEMBLY 3. Electrical connector to fuel injector. 

4. Injector retainer screw and retainer. 

[4] FUEL INJECTOR O - RING (LOWER) 5. Using a fulcrum place a screwdriver blade under 
ridge opposite connector end and carefully prying 

[5 ] FUEL INJECTOR O - RING (UPPER) it out (Figure 6E-47). 

[6 ] INJECTOR ASSEMBLY 6. Upper and lower O-rings, from injector and in fuel 


injector cavity and discard. 


Inspect 


@ Fuel injector filter for evidence of dirt and 
contamination. If present, check for presence of 
dirt in fuel lines and fuel tank. 


Important 


@ Be sure to replace the injector with an identical 


8P0911-AS 


Figure 6E-46 - Fuel Injector Parts - TBI 700 


FUEL INJECTOR ASSEMBLY - TBI 700 
Replacement 
Figure 6E-47 


NOTICE: Use care in removing the fuel injector 
to prevent damage to the electrical connector 


terminal, the injector filter, and the fuel nozzle. 
The fuel injector is serviced as a complete 
assembly only. Also, since the assembly is an 
electrical component, it should not be immersed in 


any type cleaner. 


part. Injectors from other models can fit in the 
Model 700 TBI, but are calibrated for different flow 
rates. (See Figure 6E-48, for part numbers 
location). 


[1] PRESSURE REGULATOR 
COVER ASSEMBLY 


[2 ]PRESSURE REGULATOR ATTACHING SCREW 
[3 ] SPRING SEAT 
[4 ] PRESSURE REGULATOR SPRING 
[s ] DIAPHRAGM ASSEMBLY 
[6 ] FUEL METER ASSEMBLY 

Figure 6E-49 - Pressure Regulator - TBI 700 
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Install or Connect 


1. Lubricate new upper an lower O-rings, with 
automatic transmission fluid, and place them on 
injector. (Make sure upper O-ring is in groove and 
lower one is flush up against filter.) 

2. Injector assembly, pushing it straight into fuel 
injector cavity. 


Important 


@ Be sure the electrical connector end, on the 
injector, is parallel to casting support rib and 
facing in the general direction to the cut-out in 
the fuel meter body for the wire grommet. 

3. Injector retainer, using appropriate thread locking 
compound on retainer attaching screw. 
- 4. Electrical connector to fuel injector. 


Tighten 


@ Injector retainer attaching screw to 3.0 N-m 
(27.0 lb. in.). 
5. With engine “OFF,” and ignition “ON,” check for 
fuel leaks. 
6. Air cleaner and new gasket. 


PRESSURE REGULATOR ASSEMBLY 
Replacement 
Figure 6E-38 


NOTICE: To prevent leaks, the pressure 


regulator diaphragm assembly must be replaced, 
whenever the cover is removed. 


Remove or Disconnect 


1. Relieve fuel line pressure, per instructions under 
“Fuel Pressure Relief Procedure.” 

2. Aircleaner and gasket. Discard gasket. 

3. Four pressure regulator attaching screws, while 
keeping pressure regulator compressed. 
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AIR FILTER GASKET 
FUEL INJECTOR 
SCREW AND WASHER ASSY. 


GASKET 
O-RING 

FUEL OUTLET NUT 

SEAL 

[9 ] PRESSURE REGULATOR COVER 


Figure 6E-50 - Fuel Meter Assembly - TBI 700 


L1] 
[2] 
[3] 
[4] FUEL METER ASSY. 
Ls ] 
[6 | 
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CAUTION: The pressure regulator 
contains a large spring, under heavy 
compression. Use care, when removing 
the screws to prevent personal injury. 


Pressure regulator cover assembly. 
Pressure regulator spring. 

Spring seat. 

Pressure regulator diaphragm assembly. 


Inspect 


e Pressure regulator seat in fuel meter body 
cavity for pitting, necks or irregularities. (Use 
magnifying glass, if necessary, to do this.) If 
any of above is present, whole fuel body casting 


must be replaced. 


Install or Connect 


1. New pressure regulator diaphragm assembly, 
making sure it is seated in groove, in fuel meter 
body. 

2. Regulator spring seat and spring into cover 
assembly. 

3. Cover assembly over diaphragm, while aligning 
mounting holes. 


Sm ote 


NOTICE: Use care, while installing the pressure 
regulator, to prevent misalignment and possible 
leaks. 
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[1_]SENSOR - THROTTLE POSITION (TPS) 
[ 2 |SCREW ASSEMBLY - TPS ATTACHING 
[3 ]SEAL - THROTTLE POSITION SENSOR 

Figure 6E-51 - Throttle Position Sensor - TBI 700 
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4. While maintaining pressure on regulator spring, 
four screw assemblies that have been coated with 
appropriate thread locking compound. 


Tighten 
@ Attaching screw assemblies to 2.5 N-m (22.0 
Ib. in.). 
5. With engine “OFF,” and ignition “ON,” check for 
fuel leaks. 
6. Aircleaner and new gasket. 


FUEL METER ASSEMBLY 
Replacement 
Figure 6E-50 


Remove or Disconnect 


1. Throttle body injection unit, as described 
previously. 

2. Two fuel meter body attaching screw and washer 
assemblies. 

3. Fuel meter assembly from throttle body assembly. 

4. Fuel meter body to throttle body gasket and 
discard. 


Install or Connect 


1. New meter to throttle body gasket. Match cut-out 
portions of gasket with openings in throttle body 
assembly. 

2. Fuel meter assembly onto throttle body assembly 
and gasket. 


Tighten 
@ Attaching screws to 6.0 N-m (53 lb. in.). 


3. Throttle body injection unit to inlet manifold, as 
described previously. 


THROTTLE POSITION SENSOR (TPS) - TBI 700 
Replacement 
Figure 6E-51 


NOTICE: The TPS is an electrical component and 
must not be soaked in any liquid cleaner or solvent 
as damage may result. 


Remove or Disconnect 


Air cleaner and gasket. Discard gasket. 
Two TPS attaching screws assemblies. 
TPS from throttle body assembly. 

TPS seal. 


all all al i 


Install or Connect 


1. TPSseal over throttle shaft as shown in Figure 6E- 
51. 

2. With throttle valve closed, install TPS on throttle 
shaft. Rotate counterclockwise, to align mounting 
holes. 

3. Two TPS attaching screw assemblies. Precoated 
with appropriate thread lock. 


[A] Tighten 

@ Screw assemblies to 2.0 N-m (18.0 lb. in.). 

Air cleaner and new gasket. 

Check for TPS output as follows: 

@ Connect ALDL scanner to read TPS output 
voltage. 

@ With ignition “ON” and engine stopped, TPS 
voltage should be less than 1.25 volts. If more 
than 1.25 volts, replace TPS. 


IDLE AIR CONTROL (IAC) VALVE 
Replacement 
Figure 6E-52 


Important 


@ On TBI Model 700, the Idle Air Control (IAC) 
valve is flange-mounted, with dual taper, 10 mm 
diameter pintle. If replacement is necessary, only 
an IAC valve identified with the correct part 
number (having the appropriate pintle shape and 
diameter) should be used. 


NOTICE: The IAC valve is an electrical 
component and must not be soaked in any liquid 
cleaner or solvent. Otherwise, damage could 
result. 


Remove or Disconnect 


1. Aircleaner and gasket. Discard gasket. 
2. Electrical connector from IAC valve. 

3. Screw assemblies and IAC valve. 

4. IAC valve O-ring and discard. 


oe 


bed [re Cleaning and Inspection 


Both original and replacement IAC valves have a 

special factory applied thread-locking compound 

applied to the screw threads. If the valve removed 
from the throttle body is being reinstalled, Do Not 
remove thread-locking compound that may remain 
on the threads. 

@ Clean IAC valve gasket sealing surface, pintle 
valve seat and air passage. 

- Use carburetor cleaner to remove carbon 
deposits. Do Not use a cleaner that contains 
methyl ethyl keytone, an extremely strong 
solvent, and not necessary for this type of 
deposit. 

- Shiny spots on the pintle or seat are normal, 
and do not indicate misalignment or a bent 
pintle shaft. 

- If air passage has heavy deposits, remove 

’ throttle body for complete cleaning. 


Measure (If Installing a New IAC Valve) 


Figure 6E-52 


@ Distance between tip of IAC valve pintle and 
mounting surface. 

- If greater than 28 mm, use finger pressure to 
slowly retract the pintle. The force required to 
retract the pintle of a new valve will not cause 
damage to the valve. This can be done 
electrically, using an IAC/ISC Motor Tester 
(J 37027 or BT-8256K) on valves that have 
been removed during service. 


Important 


No physical adjustment of the [AC valve assembly 
is required, after installation. The IAC valve is 
reset by the ECM. Which causes the valve pintle 
to seat in the throttle body. The ECM, then, has a 
reset procedure to set the correct pintle position. 
Proper idle regulation should result. 


Install or Connect 


1. Lubricate new O-ring, with transmission fluid and 
install on IAC valve. 

2. IAC valve to throttle body. 

3. IAC valve attaching screw assemblies that have 
been coated with appropriate thread locking 
compound. 


Tighten 

@ Screw assemblies to 3.2 N-m (28.0 lb. in.). 
4. Electrical connector to IAC valve. 
5. Reset IAC valve pintle position: 

a. Depress accelerator pedal slightly. 

b. Start and run engine for five seconds. 
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[7 JIAC VALVE O-RING 
[2 ]IAC VALVE ATTACHING SCREW ASSEMBLY 
A DISTANCE OF PINTLE EXTENSION 
B DIAMETER OF PINTLE 
Figure 6E-52 - IAC Valve - TBI 700 
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[1] THROTTLE BODY ASSEMBLY 
[2] TUBE MODULE ASSEMBLY GASKET 
[3 ] TUBE MODULE ASSEMBLY 

[4] TUBE MODULE SCREW 


Figure 6E-53 - Tube Module Assembly - TBI 700 
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ce. Turnignition “OFF” for ten seconds. 

d. Restart engine and check for proper idle 
operation. 

Air cleaner and new gasket. 

Start engine and allow engine to reach operating 

temperature. 


TUBE MODULE ASSEMBLY 
Replacement 
Figure 6E-53 


Remove or Disconnect 


1. Aircleaner and gasket. Discard gasket. 

2. Tube module assembly attaching screws. 
3. Tube module assembly. 

4. Tube module assembly gasket and discard. 


fw Clean 


@ Old gasket material from surface of throttle 
body assembly to insure proper seal of new 
gasket. 
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IDLE AIR CONTROL VALVE 
IDLE STOP SCREW PLUG 
SCREW AND WASHER ASSY. 
SPRING 

THROTTLE LEVER 

THROTTLE BORE 

7_| THROTTLE BODY ASSEMBLY 
THROTTLE POSITION SENSOR 
GASKET 

TUBE MODULE ASSY. 


Fleer 


7S 3715-6E 


Figure 6E-54 - Throttle Body Assembly - TBI 700 


Install or Connect 
1. 


New tube module assembly gasket. 

2. Tube module assembly. 

3. Tube module assembly attaching screws that have 
been coated with appropriate thread locking 
compound. 


Tighten 
@ Screw assemblies to 3.0 N-m (28.0 lb. in.). 
4. Air cleaner and new gasket. 


THROTTLE BODY ASSEMBLY 
Replacement 
Figure 6E-54 


Remove or Disconnect 


1. Throttle body injection unit, as previously 
described. 

2. Fuel meter body attaching screw and washer 
assemblies. 

3. Fuel meter assembly. 

4. Fuel meter body to throttle body gasket and 


discard. 

5. Throttle Position Sensor (TPS), per previous 
instructions. 

6. Idle Air Control (IAC) valve, per previous 
instructions. 


7. Tube module assembly, per previous instructions. 


Install or Connect 


NOTICE: Procedures related to replacement of 
the individual components below have been 
described previously and should be followed, or 
damage could occur. 


1. Tube module assembly, Idle Air Control (IAC) 
valve, and Throttle Position Sensor (TPS), per 
previous instructions. 

New fuel meter body to throttle body gasket. 

Fuel meter assembly. 

Fuel meter body assembly attaching screws coated 
with appropriate thread-locking compound. 


mw ps 


Tighten 


@ Screws to 6.0 N-m (53 lb. in.). 
5. TBI unit onto engine, as previously described. 


FUEL SYSTEM PRESSURE RELIEF 


CAUTION: To reduce the risk of fire and 
personal injury, it is necessary to relieve 
the fuel system pressure before servicing 
fuel system components. After relieving 
system pressure, a small amount of fuel 
may be released when servicing fuel lines 
or connections.In order to reduce the 
chance of personal injury, cover fuel line 
fittings with a shop towel before 
disconnecting, to catch any fuel that may 
leak out. Place the towel in an approved 
container when disconnect is completed. 


1. Loosen fuel filler cap to relieve tank pressure. 

2. Disconnect three terminal electrical connector at 
fuel tank. 

3. Start engine and run until fuel supply remaining 
in fuel pipes is consumed. Engage starter for 3.0 
seconds to assure relief of any remaining pressure. 

4. Disconnect negative battery terminal to avoid 
possible fuel discharge if an accidental attempt is 
made to start the engine. 


FUEL SYSTEM INSPECTION 


Always check and replace any O-rings and/or 
washers that appear damaged. 


Important 


e A minimum of 13.0 mm (1/2”) clearance must be 
maintained around sharp edges such as flanges, 
pinch weld, etc., to prevent contact and chaffing. A 
minimum of 19 mm (3/4”) clearance must be 
maintained around any moving parts. 


When repair to the fuel system has .been 
completed, start engine and check all connections that 
were loosened for possible leaks. 


IN-LINE FUEL FILTER REPLACEMENT 
Figure 6E-55 


CAUTION: Before replacing a fuel filter it 
is necessary to relieve fuel system 
pressure, see “Fuel System Pressure 
Relief.” 


The fuel filter is located on the left rear side of the 
engine. 


Remove or Disconnect 


1. Fuel filler cap. 
2. Fuel lines from filter. 
3. Filter from vehicle. 


Install or Connect 


1. Filter in position loosely. 
2. Using new O-ring seals, install the fuel lines into 
the filter. 


Important 


@ Using back-up wrench to prevent filter, O-ring 
or fuel line damage. 
@ Torque line fittings to specification. 
3. Fuel filler cap. 


In-Tank Filter Replacement 


Refer to “Fuel Pump/Fuel Gage Sender Assembly 
Replacement” if the in-tank filter required service. 


DRAINING FUEL TANK 


NOTICE: If a vehicle is to be stored for any 
appreciable length of time, the fuel should be 
drained from the complete system, including 
injector nozzle, fuel pump, all fuel pipes and the 
fuel tank in order to prevent gum formations and 
resultant improper engine performance. 


1. Disconnect the negative battery cable. 
@ Have a dry chemical (Class B) fire 
extinguisher nearby. 


CAUTION: Never drain or store fuel in an 
open container, due to the possibility of 
fire or explosion. 


2. Use a hand operated pump device to drain as much 
fuel as possible through the filler neck. On some 
fuel tank installations, the filler neck hose is too 
long to gain access to the fuel.If the tank is not full, 


FUEL AND EMISSION CONTROL 6E-125 


[1] FUEL FEED PIPE-TIGHTEN NUT TO 26 N-m (20 Ib. ft.) 


[2] 0-RING 
[3] IN-LINE FUEL FILTER 
[4] FUEL FEED HOSE-TIGHTEN NUT TO 26 N-m (20 Ib. ft.) 


FUEL RETURN HOSE-TIGHTEN NUT TO 
26 N-m (20 Ib. ft.) 


Figure 6E-55 - Inline Fuel Filter Location 
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disconnect filler neck nose, at the fuel tank, to gain 
access to the fuel. 


Alternate method: 
a. Disconnect fuel feed pipe and attach a hand 
operated pump device. 


b. Energize the fuel pump relay. 
c. With fuel pump running, operate hand pump 
to remove fuel. 
3. After servicing fuel tank, install removed hose,, 
lines, and fuel filler cap. 
4. Reinstall any removed hoses, pipes and cap. 


FUEL TANK 
Replacement 
Figures 6E-56 


Remove or Disconnect 


1. Fuel from the fuel tank. See “Draining Fuel 

Tank.” 

Fuel tank shield. 

Clamps from filler neck hose and vent line. 

Fuel tank retaining straps. 

@ Support the fuel tank. 

5. Sender unit wires, hoses, and ground strap. 
@ Lower the fuel tank to gain access. 

6. Fuel tank from the vehicle. 

7. Fuelsender and pump from the fuel tank. 

8. Purge tank, if being repaired. 
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Install or Connect 


Fuel sender and pump into fuel tank. 

Fuel tank into the vehicle. 

Sender unit wires, hoses, and ground straps. 

Fuel tank retaining straps with insulator strips in 
place. 

5. Clamp to filler neck hose and vent line. 

6. Fuel tank shield. 

7. Bolts and nuts. 


FUEL TANK LEAK CHECK 
Off-Vehicle 


err 


1. Plugall outlets as follows: 

a. Install filler neck and vent hoses, upper neck 
assembly and install filler cap. 

b. Install fuel tank meter assembly with seal and 
plug fuel line. . 

c. Install short piece of fuel line on fuel tank 
meter vent tube. 

2. Apply air pressure to tank through vent tube. 
When air can be heard escaping from filler neck 
cap, approximately 7 to 10 kPa (1 to 1.5 psi), pinch 
the fuel line hose to retain pressure. 

3. Test suspect area for leaks with soap solution or by 
submersion. If leak is noted, replace tank. 


FUEL SYSTEM CLEANING 


CAUTION: This procedure will not 
remove all fuel vapor. Do not attempt 
any repair on tank or filler neck where 
heat or flame is required, as an explosion 
resulting in personal injury could occur. 


Important 


@ Have a Class B fire extinguisher near the work 
area. 

If trouble is due to contaminated fuel or foreign 
material that has been put into the tank, it can usually 
be cleaned. If tank is rusted internally, it should be 
replaced. 

1. Relieve fuel system pressure. See “Fuel System 

Pressure Relief.” 

Disconnect negative battery cable. 

Drain fuel tank-see “Draining Fuel Tank.” 

Remove fuel tank-see “Fuel Tank Replacement.” 

Remove the fuel inlet filter and inspect for 

contamination. If filter is plugged, replace. (Leave 

fuel line disconnected.) 

6. Locate tank away from heat, flame or other source 
of ignition. Remove fuel tank meter assembly and 
inspect condition of filter. If filter is contaminated, 
a new filter should be installed upon reassembly. 


of es 


7. Complete draining of tank by rocking it and 
allowing fuel to run out of tank unit hole. 

8. Purge fuel tank, see “Fuel Tank Purging 
Procedure.” 

9. Disconnect fuel feed pipe and use air pressure to 
clean fuel line and fuel return line. Apply air 
pressure in the direction fuel normally flows 
through line. 

10. Use low air pressure to clean pipes on tank unit. 

11. Install fuel tank meter assembly, with new seal, 
into tank and install tank. Connect tank unit 
wires and all fuel pipes except fuel line at the 
throttle body. (See “Replacement of Tank” for 
proper procedure.) 

12. Disconnect fuel feed hose to chassis pipe at front. 

13. Connect a hose onto fuel pipe and insert other end 
of hose into any empty one gallon fuel can. 

14. Connect battery cable. 

15. Put 23 liters (six gallons) of clean fuel in the tank 
and apply 12 volts to the fuel pump test connector © 
to pump two liters (two quarts) of fuel into fuel can. 
This will purge fuel pump. 

16. Remove hose and connect fuel line. Use new 0O- 
rings as needed (see Fuel Line O-rings). 

17. Start engine. 


Inspect 


@ For leaks. 
FUEL TANK PURGING PROCEDURE 


1. Relieve fuel system pressure-see “Fuel System 
Pressure Relief.” 

2. Negativebatterycable. | 

3. Remove fuel tank meter assembly and drain all 
remaining fuel from tank. 

4. Visually inspect interior cavity of tank. If any fuel 
is evident, drain again. 

5. Move tank to flushing area. 

6. Fill tank completely with tap water, agitate 
vigorously and drain. 

7. Add fuel emulsifying agent to the tank, refill with 
water, agitate mixture for 10 minutes, drain tank 
completely. For the correct fuel emulsifying agent 
to water mixture, refer to the manufacturer's 
specifications. Use an available emulsifying 
agent, such as “Product-Sol No. 913” or equivalent. 

8. When.empty, refill the tank until it is overflowing 
with water. Completely flush out remaining 
mixture and empty tank. 

9. Ifavailable, and explosion meter should be used to 
check for a negative reading. 

10. Perform required service work. 
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[1] FUEL PUMP AND SENDER [6] BRACKET 
[2] BOLT - TIGHTEN TO 35 N-m (26 |b. ft.) SCREW - TIGHTEN TO 10 N-m (8 Ib. ft.) 
[3] FUEL FILLER CAP SHIELD 
[4 ] FILLER NECK HOSE : [9] BOLTNUT - TIGHTEN TO 45 N-m (33 Ib. ft.) 
[5] NUT- TIGHTEN TO 7 N-m (5 Ib. ft.) FRAME 
[14] INSULATOR MS 10943 
Figure 6E-56 - Fuel Tank 
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[1] FUEL PUMP & 
SENDER 


CAM 
[3] GROUND WIRE 


[4] ELECTRICAL CONNECTOR 


[5] SEAL 


[6 ] FUEL TANK 7S 3789-6E 


Figure 6E-57 - Fuel Pump 


FUEL PUMP/FUEL GAGE SENDER ASSEMBLY 
REPLACEMENT 
Figure 6E-57 


Remove or Disconnect 


Relieve fuel system pressure. 

Raise the vehicle on hoist. 

Negative battery cable. 

Fuel tank (see “Fuel Tank Replacement”). 

Fuel Pump/Fuel Gage Sender Assembly by 

turning the cam lock counterclockwise and lift 

assembly from fuel tank. 

4. Fuel pump from the sending unit. 

@ Pull the fuel pump up into the attaching hose 
while pulling outward from the bottom 
support. 

@ Do not damage the rubber insulator or the 
strainer during removal. After pump 
assembly is clear of bottom support, pull pump 
assembly out of rubber connector for removal. 


Inspect 


1. Fuel pump attaching hose for signs of 
deterioration. 
2. Rubber sound insulation at the bottom of the 


pump. 


onree 


Install or Connect 
1. Fuel pump assembly into the attaching hose. 


NOTICE: Care should be taken not to fold over or 
twist the strainer, when installing the sending 
unit as this will restrict fuel flow. 


2. Sending unit and fuel pump assembly into the fuel 
tank. 
@ Use anew O-ring seal. 

3. Cam lock assembly. 
@ Turn the cam lock clockwise to lock it. 

4. Fuel tank (see “Fuel Tank Replacement”). 

5. Negative battery cable. 


Fuel Gage Sender Replacement 
Figure 6E-57 


Remove or Disconnect 


1. Relieve fuel system pressure - see “Fuel System 
Pressure Relief.” 

2. Negative battery cable. 

3. Fuel tank - Fuel Tank Replacement. 

4. Intank Fuel Pump/Fuel Gage Sender - see Fuel 
Pump/Fuel Gage Sender Assembly Replacement. 

5. Filter - see Filter Replacement. 

6. Fuel Pump - see “Fuel Pump Replacement.” 

7. Fuel Gage sender. 


Install or Connect 


Fuel Gage Sender. 

Fuel pump. 

Filter. 

Fuel Pump/Fuel Gage Sender Assembly. 
Fuel tank. 

Negative battery cable. 


SAP erp 


Intank Filter Replacement 
Figure 6E-57 


Remove or Disconnect 


1. Relieve fuel system pressure - see “Fuel System 
Pressure Relief.” 

Negative battery cable. 

Fuel tank - see “Tank Replacement.” 

Fuel Pump/Fuel Gage Sender Assembly - see “Fuel 
Pump/Fuel Gage Sender Assembly Replacement.” 
5. Filter. 


mop 


Install or Connect 


1. Filter. 
2. Fuel Pump/Fuel Gage Sender Assembly. 
3. Negative battery cable. 


FUEL HOSE/PIPE ASSEMBLIES 
Materials 


Fuel Lines-These are welded steel tubes, meeting 
GM Specification 124-M, or its equivalent. The fuel 
feel line is 3/8” diameter and the fuel return line is 
5/16” diameter. Do not use copper or aluminum tubing 
to relocate steel tubing. Those materials do not have 
satisfactory durability to withstand normal vehicle 
vibration. 

Coupled Hose-These are not to be repaired and are 
replaced only as an assembly. 

Uncoupled Hose-Use only reinforced fuel resistant 
hose, made of “Fluoroelastomer” material. Do not use 
a hose within 4 inches (100 mm) of any part of the 
exhaust system, or within 10 inches (254 mm) of the 
catalytic converter. The hose’s inside diameter must 
match the outside diameter of the steel tubing. 

Clamps-These are stainless steel screw band-type 
clamps, #2494772, or equivalent. 


Fuel Line Repair 


1. Cut a piece of fuel hose 4 inches (100 mm) longer 
than the section of line to be removed. If more 
than 6 inches (152 mm) is to be removed, use a 
combination of steel pipe and hose. The hose 
length should not be more than 10 inches total. 

2. Cut a section of pipe to be replaced with a tube 
cutter. Use the first step of a double flaring tool to 
form a bead on the ends of the pipe and, also, on the 
new section of pipe, if used. 

3. Slide the hose clamps onto the pipe and push the 
hose 2 inches (51 mm) onto each portion of the fuel 
pipe. Tighten a clamp on each side of the repair. 

4. Secure fuel line to the frame. 


FUEL PUMP RELAY 
Figure 6E-58 


Remove or Disconnect 


1. Electrical connector. 
2. Relay by removing bolts from retaining bracket. 


Install or Connect 


1. Relay. 
2. Electrical connector. 
OIL PRESSURE SWITCH 


Figure 6E-59 


Remove or Disconnect 


1. Electrical connector. 
2. Oil pressure switch using wrench J 28687-A or 


BT 8220 if required. 
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FUEL PUMP 
TEST TERMINAL 


[3] BATTERY 


[4] FUEL PUMP RELAY 
MS 10938 


[2] BRAKE BOOSTER 


[1] FUEL PUMP/OIL PRESSURE SWITCH 


6S 2801-6E 
Figure 6E-59 - Oil Pressure Switch 


Install or Connect 


1. Oil pressure switch. 
2. Electrical connector. 


ACCELERATOR CONTROLS 


Accelerator Control Cable 
Figures 6E-60 and 6E-61 


There are no linkage adjustments. The throttle 
cable must be replaced with an identical replacement 
part. 

All linkages and cables must be checked, to assure 
free movement, with no rubbing, chafing, or binding. 
The throttle must operate freely, without binding 
between full closed and side open throttle. 

Observe the following, when performing service on 
the accelerator control cable. 

@ The retainer must be installed with the tangs 

secured over the head of the stud. 

e@ The conduit fitting, at both ends of the cable 

must have the locking tangs expanded and 
locked into the attaching holes. 
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[1] cover 

[2] TBI PULLEY 

[3] TRANSMISSION T.V. CABLE 
[4] ACCELERATOR CABLE 
[5] tDLERCAM 


Figure 6E-60 - Accelerator Control Cable to Throttle 
Body Bracket and Lever 


MS 10947 


[1] FRONT OF DASH 


[2] STEERING COLUMN 


CLAMP AND BOLT 
TIGHTEN TO 7.5 N-m (5.5 Ib. ft.) 


| 4 | ACCELERATOR CABLE 
Figure 6E-61 - Accelerator Control Cable to Front of 
Dash 


MS 10948 


@ The braided portion of the cable must not come 
into contact with the front of dash sealer 
during replacement. 

@ Flexible components (hoses, wires, conduit, 
etc.) must not be routed within 50 mm (2 in.) of 
the moving parts of the accelerator linkage, 
unless routing is positively controlled. 


DASH PANEL 
ACCELERATOR 
CABLE 
RETAINER 
LUBRICANT 


PLATE 


SCREW - TIGHTEN TO 
10 N-m (8 Ib. ft.) 


PIN 
PEDAL 
SPRING 


L1] 
[2] 
[3] 
[4] 
[5] 
[6] 
[2] 


MS 10949 


Figure 6E-62 - Accelerator Pedal 


Accelerator Pedal 
Figure 6E-62 


The accelerator pedal controls the throttle, 
through a cable. There are no linkage adjustments. 
The throttle cable must be replaced with an identical 
replacement part. 

All linkages and cables must be checked, to assure 
free movement with no rubbing, chafing, or binding. 
The throttle must operate freely, without binding, 
between full closed and wide open throttle. 

Observe the following, when performing service on 
the accelerator pedal. 

@ The mounting surface between the support and 
the dash panel, must be free of insulation. The 
carpet and padding in the pedal and tunnel 
area must be positioned to lay flat and be free 
of wrinkles and bunches. 

@ Slip the accelerator control cable through the 
slot in the rod, before installing the retainer in 
the rod. Make sure it is seated properly. Use 
care in pressing retainer into the hole, so the 
cable is not kinked, or damaged. 
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e The linkage must operate freely, without Switch,OilPump ...cccecscccccecee 1.800 
binding, between closed throttle and full Throttle BodyInjectionUnit .w..eeeceeee 3.725 
throttle. Valve Asm, Idle Air Control: Part of 

@e Wire, hoses, cable, and other flexible Control Kit, Idle Air Valve ..eeceeeee 3.820. 
components, must not be placed within 13mm 
(0.52 in.) of the cable or rod, at any point, in 
their travel. 


PARTS INFORMATION 
PART NAME GROUP 


Cover, w/Regulator, Fuel Meter: 

Part of Meter Kit,Fuel .w.cccccccee 3.734 
Injector, Fuel: Part of 
Injector Kit,Fuel wecccccccccccccce 3.014 
Pump, Fuel(InTank) ceccccccccccece 3.990 
Relay,Fuel Pump .wecccccccccccsees 3.990 


CONTROLLED IDLE SPEED 


Open/Closed 
Engine Transmission Gear (D/N) en AC Counts* ~~ F% ts ot. 


2.5L AUTO D 800 15-40 CL 


* Add 2 counts for engines with less than 500 miles. 
Add 1 count for every 1000 ft. above sea level (2.5L and 2.8L). 
** Let engine idle until proper fuel control status (open/closed loop) is reached. 


MINIMUM IDLE SPEED 
: — Engine Speed Open/Closed 
Engine Transmission Gear (D/N) RPM) ** Loap * 
ena ee Pa ee es ee ero Sel AE eee ee ana oe 
2.5L AUTO N 500+ 50 CL 


* Let engine idle until proper fuel control status (Open/Closed Loop)is reached. 
** If the engine has less than 500 miles or is checked at altitudes above 1500 feet, the idle rpm with a seated IAC valve should be lower 


than valves above. 
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EVAPORATIVE EMISSION CONTROL SYSTEM (EECS) 
CONTENTS 


GENERAL DESCRIPTION ..2cccecccececee 6E-133 ON-VEHICLESERVICE ....ccceccecee 66-134 
PURPOSE ccccccccccccccccccee 6E-133 VAPOR CANISTER wccccccccccccees 66-134 
OPERATION ccccccccccccccccce 6E-133 VAPOR CANISTERHOSES .ececcceee 66-134 

Evaporative System ..ccccccccece 6E-133 VAPORPIPE ceccccccccccccccece 66-134 

DIAGNOSIS wecccccccccccccccces G6E-133 Vapor Pipe Repair w..ecccccecccee 66-134 
RESULTS OF INCORRECT OPERATION ... 6E-133 FUELCAP wcccccccccccccccecee 6E-135 
VISUAL CHECK OF VAPORCANISTER ... 6E-134 PARTSINFORMATION ...22-e2e2e2ee2- 66-135 


GENERAL DESCRIPTION 
PURPOSE 
The Evaporative Emission Control System limits SENT REY @ ES 
fuel vapor escape into the atmosphere. The system SSSR Ley 


(EESC) transfers fuel vapor from a sealed fuel tank, 
through a single vapor pipe to an activated carbon 
(charcoal) storage device (vapor canister) to store the 
vapors when the vehicle is not operating. When the 
engine is running, the fuel vapor is purged from the 
carbon element by intake air flow and consumed in the 
normal combustion process. 

The fuel tank has a fuel cap that is not vented to 
the atmosphere, but has a valve which allows both 
pressure and vacuum relief. 


w a 


OPERATION N 
Evaporative System AS 
Figure 6E-64 : 

Fuel vapors from the fuel tank are purged and flow ‘ 
into the vapor canister tube labeled “fuel tank” and Nea eS, 
are absorbed by the carbon. The canister (Figure 6E- ee s 


63) is purged when the engine is running above idle 
speed. A timed vacuum source is applied to the vapor 
canister tube labeled “canister purge” to draw fresh air 
through the bottom of the canister. The air mixes with En ni haa 
vapor and the mixture is drawn into the intake 


manifold to be consumed in the normal combustion [2] VAPOR FROM FUEL TANK 


process, [3] PuRGeE 
[4] FILTER 
DIAGNOSIS [5] carson 6S 2813-6E 
RESULTS OF INCORRECT OPERATION Figure 6E-63 - Vapor Canister 
; e @ Evidence of fuel loss or fuel vapor odor c 
@ Poor idle, stalling and poor driveability can be exused : ‘s eae 
caused by: ; - Liquid fuel leaking from fuel lines or TBI. 
- Damaged canister. - Cracked or damaged vapor canister. 
- Hoses split, cracked and or, not connected to - Disconnected, misrouted, kinked, deteriorated 
the proper tubes. ; or damaged vapor pipe, or canister hoses. 


- Air cleaner or air cleaner gasket improperly 
seated. 
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fi] TBI UNIT BB] FUEL TANK 


VAPOR CANISTER 
RJ hl [4] VAPOR RESTRICTION 


[5 ] vapor PIPE 


[6 ] ruetcap 


CANISTER HOSE 


8-14-90 
7S 3513-6E 


Figure 6E-64 - Evaporative Emissions Control System Schematic 


VISUAL CHECK OF VAPOR CANISTER 


@ Replace vapor canister if cracked or damaged. 

@ Replace vapor canister if fuel is leaking from 
bottom and check operation of the total system. 

@ Replace filter at the bottom of the canister if dirty, 
plugged or damaged. 


ON-VEHICLE SERVICE 
VAPOR CANISTER 


Remove or Disconnect 


1. Hoses from canister. Mark hoses for installation 
on new canister. . 
2. Screw from bracket and canister. 


Install or Connect 


1. Canister and bracket screw. 
2. Hoses to canister. 


VAPOR CANISTER HOSES 


Refer to Vehicle Emission Control Information 
Label for routing of canister hoses. When replacing 
hoses, use hose identified with the word 
“Fluoroelastomer.” 


VAPOR PIPE 


The vapor pipe is secured to the underbody with 
clamp and screw assemblies. Flexible hoses are 
connected at the fuel tank and the fuel vapor canister. 
The pipe should be inspected occasionally for leaks, 
kinks, or dents and repaired as required. 


Vapor Pipe Repair 


Repair vapor pipe in sections using brazed 
seamless steel tubing meeting GM Specifications 
123M or its equivalent or hose identified with the 
words “Fluoroelastomer.” Hose not so marked could 
cause early failure or failure to meet emission 
standard. 

@ Do not use copper or aluminum tubing to replace 
steel tubing. Those materials do not have 
satisfactory durability to withstand normal 
vehicle vibrations. 

@ Do not use rubber hose within 4” (100 mm) for any 
part of the exhaust system or within 10” (254 mm) 
of the catalytic converter. Hose inside diameter 
must match steel tubing outside diameter. 

1. Inrepairable areas, cut a piece of fuel hose 4” (100 
mm) longer than portion of the line removed. If 
more than a 6 inch (152 mm) length of pipe is 
removed, use a combination of steel tubing and 
hose so that hose lengths will not be more than 10” 
(254 mm). 


2. Cut ends of pipe remaining on vehicle square with 
a tube cutter. Using the first step of a double 
flaring tool, form a bead on the end of both pipe 
sections. If pipe is too corroded to withstand bead 
operation without damage, the pipe should be 
replaced. If a new section of pipe is used, form a 
bead on both ends of it also. 

3. Use screw type hose clamp, Part Number 2494772 
or equivalent. Slide clamps onto pipe and push 
hose 2” (51 mm) onto each portion of fuel pipe. 
Tighten clamps on each side of repair. 
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FUEL CAP 


If a fuel tank filler cap requires replacement, use 
only a cap with the same features. Failure to use the 
correct cap can result in a malfunctioning of the 
system. 


PARTS INFORMATION 
PART NAME GROUP 


Canister, Fuel Vapor wecccccccccccece 3.130 
Valve, Tank Pressure Control ..eeeeeeee 3.140 
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IGNITION SYSTEM/EST 


CONTENTS 

GENERAL DESCRIPTION e@eeeveeveeeece 6E-137 CODE 42 e@ecoeveeoveeneee eee eee 6E-138 
PURPOSE e@eeeeveeeveeeeeee eee 6E-137 EST PERFORMANCE CHECK eeeeoeoee8e 6E-139 
OPERATION e@eeeeeeeeeeeeeeee 6E-137 ON-VEHICLE SERVICE eeoeeeeveveeeee¢80 6E-139 
Z2.5L(VINE) seccscessseveee 6E-137 IGNITIONSYSTEM 3 .wccccccccccee 6-139 
Hall Effect Switch e@eeeeoeoeeveeveee 6E-138 SETTING TIMING e@escoeoeeveveeveee ee @ 6E-139 
2.5L (VIN A) e@ecoeoenereeveeeveeeeee 6E-138 EST SYSTEM eeeeoeveveveeveeeeee e080 6E-142 
DIAGNOSIS eeeeee2s*eeseseeeeseeeeeeeee 6E-138 Hall Effect Switch Test @eeee72ee0e2e2e2e? 6E-142 
EST SYSTEM e@eeeeeeveeeneeee802080 6E-138 PARTS INFORMATION e@eeoeneneveeneeee 6E-142 

Results of Incorrect EST Operation . 6E-138 

GENERAL DESCRIPTION 
PURPOSE 


The ignition system controls fuel combustion by 
providing a spark top to ignite the compressed air/fuel 
mixture at the correct time. To provide improved 
engine performance, fuel economy, and control of 
exhaust emission, the ECM controls distributor spark 
advance (timing) with the Electronic Spark Timing 
(EST) system. 

Only the EST system will be described here. 
Additional information on the ignition system is found 
in Section 6D. 


OPERATION 


The ignition system has a distributor module with 
four terminals for the EST system (Figure 6E-65 and 
66) that are connected by the Electronic Control 
Module (ECM). 

To properly control ignition/combustion timing, 
the ECM needs to know: 
® Crankshaft position. 

@ Engine speed (rpm). 
@ Engine load (manifold pressure or vacuum). 
@ Engine coolant temperature. 


2.5L (VIN E) 


The EST system consists of a hall effect switch, the 

distributor module, an ECM, and connecting wires. 
The four terminal connector is lettered A-B-C-D. 
These circuits perform the following functions: 

® TERMINAL A - EST 
This circuit triggers the module. The ECM does 
not know what the actual thing is, but it does know 
when it gets the reference signal. It then advances 
or retards the spark from that point. Therefore, if 
the base timing is set incorrectly, the engine spark 
curve will be incorrect. 

@ TERMINALB.- Distributor Reference High 
This provides the ECM with rpm and crankshaft 
position information. 


[1] DIsTRIBUTOR HE! MODULE 
[2] IGNITION COIL TERMINALS 
[3] EST TERMINALS 

[4] PICK-UP COIL TERMINALS 


MS 10956 


Figure 6E-65 - High Energy Ignition (HEI) Module 
(VIN E) 


[1] pistTRIBUTOR HEI MODULE 
[2] IGNITION COIL TERMINALS 
[3] EST TERMINALS 

[4] PICK-UP COIL TERMINALS 


6S 2716-6E 


Figure 6E-66 - High Energy Ignition (HEI) Module 
(VIN A) 

@ TERMINALC - Bypass 

At about 400 rpm, the ECM applies 5 volts of this 

circuit to switch spark timing control from the 

module to the ECM. 
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An open or ground bypass circuit will set a Code 42 
and the engine will run at base timing, plus a 
small amount of advance built into the module. 
@ TERMINAL D- Reference Ground Low 

This wire is grounded in the distributor and makes 
sure the ground circuit has no voltage drop which 
could affect performance. If it is open, it may cause 
poor performance. 


Hall Effect Switch 


The hall effect switch is mounted above the pickup 
coil in the distributor. It takes the place of the 
reference “R” terminal on the module. The switch is 
an electronic device, which puts out a voltage signal 
controlled by the presence or absence of a magnetic 
field on an electronic circuit. This system tells the 
ECM which cylinder is next to fire. 


2.5L (VIN A) 


The EST system consists of the distributor module, 
an ECM, and connecting wires. The four terminals for 
EST are lettered in the module. 

The distributor four terminal connector is lettered 
A-B-C-D. 

These circuits perform the following functions: 

@e TERMINAL A - Reference Ground Low 

This wire may be grounded in the distributor. It 

makes sure the ground circuit, between the 

module and ECM, has no voltage drop which could 
affect performance. If it is open, it may cause poor 
performance. 

@ TERMINAL B- Bypass 

At about 400 rpm, the ECM applies 5 volts to this 

circuit to switch spark timing control from the 

module to the ECM. An open or grounded bypass 
circuit will set a Code 42 and the engine will run at 
base timing, plus a small amount of advance built 
into the module. 

e TERMINALC- Distributor Reference High 

This provides the ECM with rpm and crankshaft 

position information. 
@e TERMINALD-EST 

This circuit triggers the module. The ECM does 

not know what the actual timing is, but it does 

know when it gets the reference signal. It then 
advances or retards the spark from that point. 

Therefore, if the base timing is set incorrectly, the 

engine spark curve will be incorrect. 


DIAGNOSIS 


The description and operation of the ignition 
system can be found in Section 6D. 
Refer to charts in this section for Ignition System 


Check. 


EST SYSTEM 


Code 12 is used during the Diagnostic Circuit 
Check procedure to test the code display ability of the 
ECM. This code indicates that the ECM is not 
receiving the engine rpm (REFERENCE) signal. 

The “Reference” signal also triggers the fuel 
injection system. Without the “Reference” signal, the 
engine cannot run.. 


Results of Incorrect EST Operation 


The ECM used information from the MAP and 
coolant sensors in addition to rpm to calculate spark 
advance as follows: 

Low MAP output voltage = More spark advance. 

Cold Engine = More spark advance. 

High MAP Output Voltage = Less spark advance. 

Hot engine = Less spark advance. 

Therefore, detonation could be caused by high 
MAP output or low resistance in the coolant sensor 
circuit. 

Poor performance could be caused by high MAP 
output or low resistance in the coolant sensor circuit. 


CODE 42 


A fault in the EST system will usually set a Code 
42. 

When the system is running on the distributor 
module, there is no voltage on the bypass line and the 
module grounds the EST signal. The ECM expects to 
see no voltage on the EST line during this condition. If 
it sees a voltage, it sets Code 42 and will not go into the 
EST mode. 

When the rpm for EST is reached (about 400 rpm), 
the ECM applies 5 volts to the bypass line and the EST 
should no longer be grounded in the module, so the 
EST voltage should be varying. 

If the bypass line is open, the module will not 
switch to test mode, so the EST voltage will be low and 
Code 42 will be set. 

If the EST line is grounded, the module will switch 
to EST but, because the line is grounded, there will be 
no EST signal and the engine will not run. A Code 42 
may or may not be set. 

An open in the EST circuit will set a Code 42 and 
cause the engine to run on the distributor or module 
timing. This will cause poor performance and poor fuel 
economy. A ground may set a Code 42, but the engine 
will not run. 


EST PERFORMANCE CHECK 


The ECM will set a specified value timing when 
the ALDL diagnostic terminal is grounded. To check 
the EST operation, record the timing at 2000 rpm with 
the diagnostic terminal not grounded. Then, ground 
the diagnostic terminal and the timing should change 
at 2000 rpm, indicating the EST is operating. 


ON-VEHICLE SERVICE 
IGNITION SYSTEM 
Refer to Section 6D for On-Vehicle Service of 


distributor, pick-up coil, distributor cap, ignition coil, 
hall effect switch, rotor, or distributor module. 
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SETTING TIMING 


Set timing according to instructions on Vehicle 
Emission Control Information label under the hood. 

Timing specifications for each engine are listed on 
the Vehicle Emissions Control Information label on 
the radiator support. When using a timing light, 
connect an adapter between the spark plug and the 
spark plug wire, or use an inductive type pickup. Do 
not pierce the plug lead. Once the insulation of the 
spark plug cable has been broken, voltage will jump to 
the nearest ground, and the spark plug will not fire 
properly. Always follow Vehicle Emissions Control 
Information label procedures when adjusting timing. 

Some engines incorporate a magnetic timing probe 
hold for use with special electronic timing equipment. 
Consult manufacture’s instructions for use of this 
equipment. : 

Put the EST system in Bypass Mode by connecting 
terminal “B” to “A” at the ALDL connector. 
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PICK-UP COIL TT HALL EFFECT SWITCH 
(ENGINE VIN “E” ONLY) 


(YEAR VIN 
H" ONLY) ALL OTHERS 


IGNITION 
MODULE “A” ONLY) 


PRIM. IGN. COIL 


423 WHT EST 

430 PPL/WHT REFERENCE HIGH 
424 TAN/BLK BYPASS 

453 BLK/RED REFERENCE LOW 


EST CONNECTOR 


11-8-90 
MS 10926 


IGNITION SYSTEM CHECK 


Test Description: Number(s) below refer to circled 

number(s) on the diagnostic chart. 

1. Two wires are checked, to ensure that an open is 
not present in a spark plug wire. 

1A.If spark occurs with 4 terminal distributor 
connector disconnected, pickup coil output is too 
low for EST operation. 

2. A spark indicates the problem must be the 
distributor cap or rotor. 

3. Normally there should be battery voltage at the 
“C” and “+” terminals. Low voltage would 
indicate an open or a high resistance circuit from 
the distributor to the coil or ignition switch. If “C” 
terminal voltage was low, but “+” terminal 
voltage is 10 volts or more, circuit from “C” 
terminal to ignition coil or ignition coil primary 
winding is open. 

4. Checks for a shorted module or grounded circuit 
from the ignition coil to the module. The 
distributor module should be turned “OFF,” so 
normal voltage should be about 12 volts. 

If the module is turned “ON,” the voltage would be 
low, but above 1 volt. This could cause the ignition 
coil to fail from excessive heat. 

With an open ignition coil primary winding, a 
small amount of voltage will leak through the 
module from the “Bat.” to the tach terminal. 

5. Applying a voltage (1.5 to 8 volts) to module 
terminal “P” should turn the module “ON” and the 
“Tach.” terminal voltage should drop to about 7-9 
volts. This test will determine whether the module 
or coil is faulty of if the pickup coil is not 
generating the proper signal to turn the module 
“ON.” 


This test can be performed by using a DC battery 
with a rating of 1.5 to 8 volts. The use of the test 
light is mainly to allow the “P” terminal to be 
probed more easily. 

Some digital multi-meters can also be used to 
trigger the module by selecting ohms, usually the 
diode position. In this position, the meter may 
have voltage across its terminals which can be 
used to trigger the module. The voltage in the 
ohm’s position can be checked by using a second 
meter or by checking the manufacture’s 
specifications of the tool being used. 

This should turn “OFF” the module and cause a 
spark. If no spark occurs, the fault is most likely in 
the ignition coil because most module problems 
would have been found before this point in the 
procedure. A module tester (J 24642) could 
determine which is at fault. 


Diagnostic Aids: 


The “Scan” tool does not have any ability to help 


diagnose a ignition system check. 


Refer to “Intermittents” in “Driveability 


Symptoms” section. 
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@ Perform System Check before proceeding with this test. (Ifa 
tachometer is connected to the Tach term., disconnect it before 
proceeding with the test). 

© Check spark at plug with spark tester J-26792 or equivalent (ST-125) 
while cranking (if no spark on one wire, check a second wire) A few 


sparks and then nothing is considered no spark. 


A) ® Disconnect 4 term. distributor 
connector and check for spark. 


(2) @ Check for spark at coil wire with tester while cranking. Replace pick-up coil 
(Leave spark tester connected to coil wire for Steps 3-6). 


Inspect cap for water, cracks, 
etc. If OK, replace rotor. 


IGNITION 
SYSTEM CHECK 


Check fuel,spark plugs, etc. 


See Section 2 symptoms. TEST LIGHT 


radia 


UU 
PNER 


TO D.C. 
POWER SUPPLY 
(1.5 to 8V) 


® Disconnect distributor 2 term. “C/+” connector. 
@ Ignition switch “on”, Engine stopped. 
® Check volts at ” +” and “C” term's. of dist. harn. conn. 


Both term’s. 10 volts or more Both term’s. under 10 volts 


® Reconnect dist. 2 term. conn. ir wi le” +” term. 
© With ign. “ON”, check voltage from tach. term. hon Oe tere trolack iene coil ; 
to gnd. (term. may be taped back in harness). connector or primary ckt. to ign. sw. 


Over 10 volts | Under 1 volt | 


Fig. 1 


Under 10 volts “C” term. only 


Check for open or gnd. in ckt. 
from “C” term. to ign. coil. If Ckt. 
is OK, fault is. ign. coil or conn. 


© 


® Connect test light from tach. term. to ground. 
® Crank engine and observe light. 


Light on steady 


® Disconnect distributor 4 term. connector. 
®Remove dist. cap. 

® Disconnect pick-up coil connector from module. 
®@ Connect voltmeter from tach. term. to ground. 
® Ignition on. 


Insulate a test light probe to 1/4” from tip and note 
voltage, as test light is momentarily connected froma 
voltage source (1.5 to 8V) to module term. “P”. (Fig. 1). 


Voltage drops 


® Check for spark from coil wire with spark tester 
as test light is removed from module term. 


© If no module tester (J 24642) is available; 
Replace ign. coil and repeat Step 5. 


Ign. coil removed is OK, 
reinstall coil and check coil 
wire from dist. cap. if OK, 
replace dist. module. 


@ If module tester (J 24642) 
is available: test module 


Check coil wire 
from ca i 
OK, replace coil. 


Repair open tach. lead or 
conn and repeat test #4. 


Light 
blinks 


Replace module and check for 
spark from coil as in Step 6. 


Replace ign. coil, 
it too is faulty 


Replace ignition coil and recheck 


No drop 


for spark with spark tester. If still 
no spark, re-install original coil 
and replace dist. module. 


in voltage 


Check module ground. 
If OK, replace module. 


Yes 


Replace 
module 


to coil. If 


Check pick-up coil 
orconns. (Coil 
resistance should 
be 500-1500 ohms 
and not grounded.) 


@ Isrotating pole piece 
still magnetized? 


Replace pole piece 
and shaft assy. 


2-1-90 
7S 3659-6E 
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EST SYSTEM 


Refer to ENGINE ELECTRICAL (SECTION 6D) 
for replacement of the distributor module or hall effect 
switch. 

Refer to “Computer Command Control” section for 
repair of the EST wires or connectors. 

Refer to “Computer Command Control” section for 
replacement of the ECM. 


Hall Effect Switch Test 


1. Disconnect and remove hall effect switch from 
distributor. 

2. Noting polarity marking on the switch, connect a 
12 volt battery and voltmeter (Figure 6E-67). 

3. Voltmeter should read less than 0.5 volts without 
blade against magnet. Replace switch if above 0.5 
volts. 

4. With blade against magnet, voltage should be 
within 0.5 volts of battery voltage. Replace switch 
if there is a low voltage reading. 


PARTS INFORMATION 


PART NAME GROUP 
Coil, Distributor e@oeeceeoeececececeoeeeeee 2.170 


[1] HALL EFFECT SWITCH 

[2] MAGNET 

[3] INSERT KNIFE BLADE IN 
THIS AREA WITH BLADE 


. STRAIGHT DOWN AGAINST 
THE MAGNET 


[4] TERMINAL (UNDERNEATH) 
[5] BATTERY 
[6] VOLTMETER 


Figure 6E-67 - Hall Effect Switch Test 


6S 2717-6E 


FUEL AND EMISSION CONTROL 6E-143 


EXHAUST GAS RECIRCULATION (EGR) SYSTEM 


CONTENTS 
GENERAL DESCRIPTION .eccccceccccee 6E-143 SYSTEM CHECK weccccccceccccece 6E-145 
PURPOSE e@eoeoeveeeeeeeeeeeeeeee 6E-143 EGR Vacuum Control eoceoevoeeeeeee 6E-145 . 
OPERATION e@eoeeeveveeeeeeeee eee 6E-143 ON-VEHICLE SERVICE eeoevoeoceoevoeveenee eee 6E-145 P 
EGR CONTROL e@eoceoeeeeeeeeeeeeee 6E-143 EGR VALVE eeoeeeveereeveeeee ee eee 6E-145 
Negative Backpressure EGRValve ... 6-144 EGR Manifold Passage .weecceceee 6E-145 
EGR VALVE IDENTIFICATION e@eoeeoeoeee 6E-144 SYSTEM HOSES eoeoeoeeveeeeeee e020 6E-145 
DIAGNOSIS eeeee SECBSESSVSCTSCCSSCOS 6E-144 EGR VACUUM SOLENOID eeeeeoeeeeee 6E-148 
RESULTS OF INCORRECT EGR PARTSINFORMATION ..2cccccccccece 6E-148 
SYSTEM OPERATION cecccccceee 66-144 - 
GENERAL DESCRIPTION 
PURPOSE 


The EGR system is used to lower NOx (Oxides of 
Nitrogen) emission levels caused by high combustion 
temperatures. The EGR valve feeds small amounts of 
exhaust gas back into the combustion chamber to 
decrease combustion temperature. 

The main element of the system is an EGR valve 
operated by vacuum, and mounted on the intake 
manifold. 


OPERATION 


The EGR system (Figure 6E-69) routes exhaust 
gases from the exhaust manifold to the intake 
manifold at specified engine operating conditions. 
Exhaust gas is relatively inert; it doesn’t support 
combustion like air or fuel in the burning process, but 
just takes up volume. Since there is less air/fuel 
mixture to burn in the combustion chamber during 
EGR operation, the temperature is reduces enough to 
limit NO, formation. 

The main element of the system is the EGR valve. 
It is opened by ported manifold vacuum to let exhaust 
gas flow into the intake manifold. The exhaust gas 
then moves with the air/fuel mixture into the 
combustion chamber. If too much exhaust gas enters, 
combustion will not occur. For this reason, a relatively 
small amount of exhaust gas is allowed to pass 
through the valve. The EGR valve will not pass 
exhaust gases at idle, wide open throttle, or high load 
conditions. Generally, the EGR passes exhaust gases 
between idle and wide open throttle when engine load 
is not excessive. 


EGR CONTROL 
Figure 6E-68 


To regulate EGR flow an ECM controlled solenoid 
is used in the vacuum line. This is a normally closed 
solenoid vacuum valve which is opened when the ECM 
completes the ground. 


MAP SENSOR 


COOLANT TEMPERATURE 
SENSOR 


[7] EGR VALVE 

[2] EXHAUST GAS 

[3 ] INTAKE AIR 

[4] DIAPHRAGM 

[5 ] MANIFOLD VACUUM 
[6 ] VACUUM SOLENOID 


THROTTLE PCSITION 
SENSOR 


ELECTRONIC CONTROL 
MODULE 
6S 2861-6E 


Figure 6E-68 - Exhaust Gas Recirculation 


The ECM will energize the EGR solenoid (EGR “ON”) 
when the engine is warm and above idle, but not at 
wide open throttle due to lack of vacuum. 

On cold engine start-up the ECM receives input 
from the Intake Air Temperature (IAT) Sensor 
(formerly MAT Sensor) and if the IAT reading is less 
than 12°C (57°F) the EGR solenoid is “OFF” until the 
coolant warms to 80°C (176°F). If there is a 
malfunction of the IAT sensor then the ECM receives 
input from the coolant sensor. 
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. 
Ss 

Z 
A 
Zz 
S 
Z 
Z 
A 
Zz 
2 


\y 


[1] EGR VALVE 

[2] PINTLE VALVE 

[3] IntTAKE AIR 
VACUUM PORT 
DIAPHRAGM 


Figure 6E-69 - Negative Backpressure EGR Valve 


Negative Backpressure EGR Valve 
Figure 6E-69 


[6] AIR BLEED 
HOLE 

[7] SMALL SPRING 

LARGE SPRING 


6S 2608-6E 


The negative backpressure EGR valve has the 
bleed valve spring below the diaphragm, and the valve 
is normally closed. The negative backpressure valve 
varies the amount of exhaust gas flow into the 
manifold depending on manifold vacuum and 
variations in exhaust back pressure. 

The diaphragm on this valve (shown in Figure 6E- 
69) has an internal air bleed hold which is held closed 
by a small spring when there is no exhaust 
backpressure. 

Engine vacuum opens the EGR valve against the 
pressure of a large spring. When manifold vacuum 
combines with negative exhaust backpressure, the 
vacuum bleed hold opens and the EGR valve closes. 

This valve will open if vacuum is applied with the 
engine not running. 


EGR VALVE IDENTIFICATION 
Figure 6E-70 


Negative backpressure EGR valves will have a 
“N” stamped on the top side of the valve after the part 
number. 

When replacing an EGR valve, always check for 
correct part number in the parts catalog or 
supplemental bulletin. 


AOS 


CBT 17087026 
024 


[7] ASSEMBLY PLANT CODE 
[2] PART NUMBER 
[3] DATE BUILT 


[4] LOOK HERE FOR LETTER 
P = POSITIVE BACK PRESSURE 
N = NEGATIVE BACK PRESSURE 
BLANK = PORT VALVE 


Figure 6E-70 - EGR Valve Identification 


[1] EGR VALVE 
[2] VACUUM HARNESS 
[3] EGR SOLENOID 


[4] PORTED MANIFOLD 
VACUUM (PORT F) 


[5] BOLT TIGHTEN TO 
4 N-m (35 LBS. IN.) 


7S 3029 


Figure 6E-71 - EGR & Solenoid 
DIAGNOSIS 


RESULTS OF INCORRECT EGR SYSTEM 
OPERATION 


With too much EGR flow at idle, cruise, or cold 
operation, any of the following conditions may occur: 
@ Engine stops after cold start. 

@ Engine stops at idle after deceleration. 
@ Vehicle surges during cruise. 
@ Rough idle. 

If the EGR valve should stay open all of the time, 
the engine may not idle. 

Too little or no EGR flow allows combustion 
temperatures to get too high during acceleration and 
load conditioned. This could cause: 

@ Spark knock (detonation). 
‘@ Engine overheating. 
@ Emission test failure. 


SYSTEM CHECK 


Diagnosis of the EGR system is covered in the EGR 
System Check. 


EGR Vacuum Control 


Refer to EGR System Check for diagnosis of the 
vacuum solenoid. 


ON-VEHICLE SERVICE 
EGR VALVE 


Remove or Disconnect 


1. Aircleaner. 

2. EGR valve vacuum tube at valve. (Figure 6E-71). 
3. Bolts or nuts. 

4, EGR valve from manifold. (Figures 6E-72). 


Important 


@ Do not wash EGR valve in solvents or degreaser- 
permanent damage to valve diaphragm may 
result. 


-Also, sand blasting of the valve is not 
recommended since this can affect the operation of the 
valve. 


EGR Manifold Passage 


Inspect 


If EGR passage indicates excessive build-up of 
deposits, the passage should be cleaned. Care 
should be taken to ensure that all loose particles 
are completely removed to prevent them from 
clogging the EGR valve or from being ingested into 
the engine. 
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EGR VALVE 
GASKET 
BOLT—TIGHTEN TO 25 N-m (18 FT. LBS.) 


7S 3455 
Figure 6E-72 - EGR Valve 


Clean 

1. With a wire wheel, buff the exhaust deposits from 
the mounting surface and around the valve. 

2. Look for exhaust deposits in the valve outlet. 
Remove deposit build-up with a screwdriver. 

3. Clean mounting surfaces of intake manifold and 
valve assembly. 


Install or Connect 


1. New EGR gasket. 

2. EGR valve to manifold. 
3. Bolts or nuts. 

4. Vacuum tube to valve. 
5. Air cleaner. 

SYSTEM HOSES 


Refer to “Vehicle Emission Control Information” 
label for routing of system hoses. 

When replacing hoses, use hose identified with the 
word “Fluoroelastromer.” 
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<— 


TO EGR VALVE 


ae ee PORTED MANIFOLD VACUUM 
12V 


EGR SOLENOID 
N.C. 


EGR DRIVER 


GRY 435 


10-30-90 
MS 10922 


EXHAUST GAS RECIRCULATION (EGR) SYSTEM CHECK 


Circuit Description: 

The ECM operates a solenoid to control the Exhaust Gas Recirculation (EGR) valve. This solenoid is 
normally closed. By providing a ground path, the ECM energizes the solenoid which then allows vacuum to pass 
to the EGR valve. The ECM control of the EGR is based on the following inputs: 

@ Engine coolant temperature - above 25°C. 
e TPS-“OFF’” idle. ; 
e@ MAP. 

If Code 24 is stored, use that chart first. 

Code 32 will detect a faulty solenoid, vacuum supply, EGR valve or plugged passage. This chart checks for 
plugged EGR passages, a sticking EGR valve, or a stuck open or inoperative solenoid. 


Diagnostic Aids: 
Test Description: Number(s) below refer to circled 
number(s) on the diagnostic chart. @ Before replacing ECM, use an ohmeter and check 
1. Checks for solenoid stuck open. the resistance of each ECM controlled relay and 
2. Checks for solenoid always being energized. solenoid coil. Refer to “ECM QDR Check” 
3. Grounding test terminal should energize solenoid procedure in “Computer Command Control” 
and vacuum should drop. section. See ECM wiring diagram for coil terminal 
4. Negative backpressure valve should hold vacuum ID of solenoid(s) and relay(s) to be checked. 
with engine “OFF.” Replace any solenoid where resistance measures 
5. When engine is started, exhaust backpressure less than 20 ohms. 


should cause vacuum to bleed off and valve to fully 
close. 
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ASSUMES NO CODE 24 OR 32 IS STORED 


NOTICE: DISCONNECT TECH 1 WHEN 
USING THIS CHART. 


EXHAUST GAS RECIRCULATION 
(EGR) SYSTEM CHECK 


CHECK VACUUM SOURCE TO EGR SOLENOID (iF NOT OK, REPAIR). 


IGNITION “OFF.” 
DISCONNECT EGR SOLENOID VACUUM HARNESS. 


INSTALL HAND HELD VACUUM PUMP ON MANIFOLD SIDE OF SOLENOID. 


APPLY VACUUM. 
DOES SOLENOID HOLD VACUUM? 


YES 


(2) © IGNITION “ON,” ENGINE STOPPED. 
© DOES VACUUM DROP? 


(3) @ GROUND DIAGNOSTIC “TEST” TERMINAL. 
DOES VACUUM DROP? 


YES 


REMOVE GROUND FROM DIAGNOSTIC TEST TERMINAL. 


IGNITION “OFF.” 
CONNECT A VACUUM PUMP TO EGR SIDE OF VACUUM 


HARNESS. 
USING A MIRROR, OBSERVE EGR DIAPHRAGM WHILE 


APPLYING VACUUM 
DIAPHRAGM SHOULD MOVE FREELY AND HOLD 
VACUUM FOR AT LEAST 20 SECONDS. 


CHECK FOR RESTRICTION IN VACUUM LINE 
TO VALVE ORIN VALVE VACUUM PORT 
ORIFICE. IF OK, REPLACE EGR VALVE. 


APPLY VACUUM TO EGR VALVE. 


FAULTY SOLENOID. 


YES 


CKT 435 SHORTED TO GROUND OR FAULTY ECM. 
SEE “DIAGNOSTIC AIDS” ON FACING PAGE. 


YES 


DISCONNECT SOLENOID ELECTRICAL CONNECTOR. 
PROBE CKT 439 WITH A TEST LIGHT TO GROUND. 


CONNECT TEST LIGHT 
BETWEEN HARNESS 
CONNECTOR TERMINALS. 


LIGHT “OFF” 


OPEN CKT 439. 


LIGHT “OFF” 


OPEN CKT 435, SHORT TO 
VOLTAGE OR FAULTY ECM. 
SEE “DIAGNOSTIC AIDS“ 
ON FACING PAGE. 


LIGHT “ON” 


FAULTY SOLENOID. 


START ENGINE AND IMMEDIATELY OBSERVE VACUUM AND VALVE POSITION. 
VALVE IS GOOD IF VALVE MOVES TO SEATED POSITION (VALVE CLOSED) AND 


VACUUM DROPPED WHILE STARTING ENGINE. 


A/T CHECK P/N SWITCH. 


NO TROUBLE FOUND. 


“AFTER REPAIRS,” CONFIRM “CLOSED LOOP” OPERATION AND NO “CHECK ENGINE” LIGHT. 


@ REMOVE EGR VALVE AND CHECK 
PASSAGES FOR BEING PLUGGED. 
@ IF NOT PLUGGED REPLACE EGR VALVE. 


NOT OK 
REPAIR AS NECESSARY. 


7-16-90 
7S 3738-6E 
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EGR VACUUM SOLENOID 
Figure 6E-73 


Remove or Disconnect 


1. Negative battery cable. 

2. Electrical connector at solenoid. 
3. Vacuum hoses. 

4. Bolt(s) and solenoid. 


b+] +¢] Install or Connect 


Solenoid. See Figure 6E-71 for torque 
specification. 


2. Vacuum hoses. 
3. Electrical connector. 
4. Negative battery cable. 
PARTS INFORMATION 
PART NAME GROUP 


Valve, EGR ccccccccccccccscccces 3.610 
Solenoid, EGRcont VLVRLY .....-2.-- 3.670 
Solenoid, EGRCont .eccccccccccecce 3.670 
Gasket, EGR Valve .cccccccccccccee 3.680 


estes 


EGR CONTROL SOLENOID ASSEMBLY 
ELECTRICAL CONNECTOR 


VACUUM CONNECTOR TO EGR VALVE 
VENT 


Li] 
[2] 
[3] VACUUM CONNECTOR FROM SOURCE 
[4] 
[5] 


7S 3793-6E 


Figure 6E-73 - EGR Control Solenoid 
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TORQUE CONVERTER CLUTCH (TCC) SYSTEM 


CONTENTS 
GENERAL DESCRIPTION ..ccccecccece G6E-149 DIAGNOSIS ..ccccccccccccccccce 6E-149 
PURPOSE @eeeeeeeeeeeeeeee ee 6E-149 DIAGNOSIS @eeseeeeeeeee7eeeeeee 6E-152 
OPERATION eeeeveevevevee eee e220 6E-149 ON-VEHICLE SERVICE eeceoeoeoevevevev ee eee 6E-152 
CIRCUIT DESCRIPTION .2.2eccccecee 66-149 PARTSINFORMATION ..22ceecceeeee 6E-152 
GENERAL DESCRIPTION When the brake pedal is not depressed (switch 
closed) battery voltage will be fed to the TCC solenoid. 
PURPOSE If the ECM has determined that conditions are correct, 


The Torque Converter Clutch (TCC) system is 
designed to eliminate power loss by the converter 
(slippage) thus increasing fuel economy. By locking 
the converter clutch, a more effective coupling to the 
flywheel is achieved. The converter clutch is operated 
by an ECM controlled solenoid. 


OPERATION 


Engagement of the TCC is accomplished by a 
solenoid operated valve within the transmission. The 
solenoid is activated when an internal switch in the 
ECM is grounded. Although the ECM may command 
the TCC “ON,” the converter clutch will not apply 
until internal transmission fluid pressure 
requirements are met. See TRANSMISSION 
DIAGNOSIS (SECTION 7A). 

Before the ECM activates the TCC apply solenoid, 
several inputs must be monitored: 

@ Vehicle Speed - Must be above a certain value 

before the TCC can be applied. 

® Coolant Temperature - The engine coolant 

temperature must be above a certain value 
before the TCC can be applied. 

@ Throttle Position Sensor - After the TCC is 

applied, during low engine load conditions, the 
ECM uses data from the TPS to release the 
clutch when the throttle is being opened or 
closed faster than a calibrated rate. 


CIRCUIT DESCRIPTION 


The 12 volt power supply for the solenoid in the 
transmission is provided through a normally closed 
switch located on the brake pedal linkage. When the 
brake pedal is depressed (switch open) the power 
supply to the TCC solenoid is interrupted and the TCC 
is disengaged regardless of any other conditions. 


the circuit from the TCC solenoid will be completed to 
ground through the ECM and the TCC solenoid will be 
energized which moves a check ball in a fluid line 
(Figure 6E-74). This allows the converter clutch to 
apply, if the hydraulic pressure is correct. 


DIAGNOSIS 


The diagnosis of the TCC system is covered in 
Torque Converter Clutch (TCC) (Electrical Diagnosis) 
Chart. If the ECM detects a VSS input problem in the 
system, a Code 24 should set. In this case, see Code 24 
chart. 

If the ECM doesn’t switch the TCC “ON” when it 
should, but the TCC will turn “ON” when the “test” 
terminal is grounded with ignition “ON” and engine 
stopped, sensors such as coolant, speed, and throttle 
position should be checked. 


[1] TcCSOLENOID 
[2] CHECK BALL 


Figure 6E-74 - TCC Solenoid 


[3] CHECK BALL SEAT 


4S 0548-6E 
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V/P CONNECTOR 


437 BRN 


422 TAN/BLK 
TCC BRAKE TCC 
rg CONTROL == 


SWITCH 39 
S20 Ort NC PNK/BLK 


20A .. 
BULKHEAD 


TRANSMISSION = ConNECTOR 


CONNECTOR 


TCC SOLENOID —— 11-5-90 


TRANSMISSION CONVERTER CLUTCH (TCC) 
(ELECTRICAL DIAGNOSIS) 


Circuit Description: 

The purpose of the automatic Transmission Converter Clutch (TCC) feature is to eliminate the power loss of 
the torque converter when the vehicle is in a cruise condition. This allows the convenience of the automatic 
transmission and the fuel economy of a manual transmission. 

Fused battery ignition is supplied to the TCC solenoid through the TCC brake enti. 

The ECM will engage TCC by grounding CKT 422 to energize the solenoid. 

TCC will engage when: 

- Vehicle speed above 24 mph (39 km/h). 

- Engine at normal operating temperature (above 65°C) (149°F). 

- Throttle position sensor output not changing, indicating a steady road spend. 

- Brake switch closed. 


Diagnostic Aids: 
Test Description: Number(s) below refer to circled 
number(s) on the diagnostic chart. Solenoid coil resistance must measure more than 
1. Checks continuity through brake switch and TCC  20ohms. Less resistance will cause early failure of the 
solenoid. ECM “driver.” Refer to “ECM QDR” check in 
2. Checks capability of ECM to energize solenoid. “Computer Command Control” section. Using an 
Grounding the diagnostic connector should ohmmeter, check the solenoid coil resistance of all 
energize the relay and cause the light to go out. ECM controlled solenoids and relays, before installing 


3. This test bypasses the TCC solenoid and checks for a replacement ECM. Replace any solenoid, or relay, 
an open or short in CKT 422. that measures less than 20 ohms resistance. 
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TRANSMISSION CONVERTER 
CLUTCH (TCC) 


(ELECTRICAL DIAGNOSIS) 


USE A “SCAN” TOOL TO CHECK THE FOLLOWING AND 
CORRECT IF NECESSARY: 
COOLANT TEMPERATURE 
TPS 
vss 
CODES - IF 24 1S PRESENT, SEE CODE CHART 24. ALSO, 
PERFORM MECHANICAL CHECKS, SUCH AS LINKAGE, 
OIL LEVEL, ETC., BEFORE USING THIS CHART. 


ENGINE AT NORMAL OPERATING TEMPERATURE AND “CLOSED LOOP”. 
CONNECT TEST LIGHT FROM TCC TEST POINT, ALDL TERM “F” AND GROUND. 
NOTE LIGHT. 


LIGHT “ON” 
LIGHT “OFF” 


TEST LIGHT SHOULD GO OUT AS @ CHECK FOR BLOWN FUSE. IF OK, 
BRAKE PEDAL IS DEPRESSED. DISCONNECT CONNECTOR AT 
TRANSMISSION AND CONNECT TEST LIGHT 


FROM HARNESS CONNECTOR "A” TO “D” 
WITH IGNITION “ON”, ENGINE STOPPED. 
Pox | NOToK 


LIGHT “OFF” LIGHT “ON” 
@ IGNITION ON. ENGINE STOPPED. 


@ INSTEAD OF GROUND. CONNECT CHECK FOR SHORT TO 
TEST LIGHT TO 12 VOLTS AND gi hee GROUND IN CKT 422. IF 
PROBE ALDL TERMINAL “F”. Tonk” tos NOT GROUNDED. 


@ GROUND DIAGNOSTIC TERMINAL REPLACE ECM. SEE 
@ NOTE TEST LIGHT. GROUND. “DIAGNOSTIC AIDS”. 


LIGHT “ON” LIGHT “OFF” LIGHT “ON” 


CHECK FOR OPEN CKT 422 CHECK FOR: REPAIR OPEN @ GROUND TCC TEST POINT 
FROM ALDL TO ECM. - LOW COOLANT LEVEL. IN TCC BRAKE AND AGAIN CONNECT 

- FAULTY OR INCORRECT SWITCH TEST LIGHT BETWEEN 

THERMOSTAT. CIRCUIT OR HARNESS CONNECTOR 

CKT 422 OK. FAULTY ECM - VSS CODE 24 CHART. ADJ. SWITCH. TERMS “A” AND”D”. 
CONNECTION OR ECM. SEE IF OK, NO ELECTRICAL TROUBLE 
“DIAGNOSTIC AIDS” ON FOUND. IF TCC DOES NOT 
FACING PAGE. WORK, SEE APPROPRIATE 


SERIES SERVICE MANUAL FOR LIGHT “ON” LIGHT “OFF” 
TCC SERVICE. 


FAULTY: REPAIR OPEN IN 
@ TRANSMISSION TCC WIRE FROM 
CONNECTION TRANSMISSION TO 
@ TCC SOLENOID. ALDL TEST POINT, 
TERM “F”. 


2-2-90 
CLEAR CODES AND CONFIRM “CLOSED LOOP” OPERATION AND NO “CHECK ENGINE™ LIGHT. 7S 3858-65 
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DIAGNOSIS 


If the converter clutch is applied at all times, the 
engine will stall immediately, just as in a manual 
transmission with the clutch applied. 

If the converter clutch does not apply, fuel 
economy may be lower than expected. If the Vehicle 
Speed Sensor fails, the TCC will not apply and a Code 
24 should set. 

The Transmission Converter Clutch (TCC) system 
has different operating characteristics than an 
automatic transmission without TCC. If the driver 
complains of a “chuggle” or “surge” condition, the 
vehicle should be road tested and compared to a 
similar vehicle to see if a real problem exists. The TCC 
operation should be reviewed with the driver. Another 
TCC complaint may be a downshift felt when going up 
a grade. This may not be a downshift, but a clutch 
disengagement due to the change in TPS to maintain 
cruising speed. 


ON-VEHICLE SERVICE 


@ Refer to “Computer Command Control,” section 
for repair of wiring. 

@ Refer to “Computer Command Control,” section for 
replacement of the ECM. 

@ For replacement of the TCC solenoid, Vehicle 
Speed Sensor, or Brake Switch, refer to the 
appropriate section of this Service Manual. 


PARTS INFORMATION 
PART NAME GROUP 
Sensor VSS(]) esevesvesecevssuces 9761 


Solenoid, TCC 4,122 
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SECTION 11 
POSITIVE CRANKCASE VENTILATION (PCV) 

CONTENTS 
GENERAL DESCRIPTION .eccccccecee 66-153 FUNCTIONAL CHECK wecceccceccee 6E-154 
2.5L (VIN E) e@eeoeneeneeeveeeveeeeeeee 6E-153 2.5L (VIN E) eeoeeceeeeeveeee ee 800 6E-154 
2.5L (VIN A) eoeeeeeeeeceoeoeeeeoee 6E-153 2.5L (VIN A) eoerereeeeeeeeeeeee 6E-154 
DIAGNOSIS e@eoeoeeveeeeveeeeeeeeeee 6E-154 ON-VEHICLE SERVICE eeoeoeveeveveeeeeee 6E-154 
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GENERAL DESCRIPTION 
2.5L (VIN E) 


A Positive Crankshaft Ventilation (PCV) system is 
used to provide more complete scavenging of crankcase 
vapors. Fresh air from the air cleaner through a filter 
is supplied to the crankcase, mixed with blow-by gases 
and then passed through a Positive Crankcase 
Ventilation (PCV) valve into the intake manifold 
(Figure 6E-75). 

The primary control is through the PCV valve 
(Figure 6E-76), which meters the flow at a rate 
depending on manifold vacuum. 


need 


(De 


=> CLEANAIR 
—= VOLATILE OIL FUMES 
---> MIXTURE OF AIR AND FUMES 


[1] CRANKCASE VENT 
TUBE ASSEMBLY 


[2] CRANKCASE VENT 
HOSE 


[3] AIR CLEANER 


4S 1152-6E 


Figure 6E-75 - PCV Flow (Typical) 


[1] CHECK VALVE 4S 0068-6E 


Figure 6E-76 - PCV Valve Cross Section (VIN E) 


To maintain idle quality, the PCV valve restricts 
the flow when intake manifold vacuum is high. If 
abnormal operating conditions arise, the system is 
designed to allow excessive amounts of blow-by gases 
to back flow through the crankcase vent tube into the 
air cleaner to be consumed by normal combustion. 


2.5L (VIN A) 


The Positive Crankcase Ventilation (PCV) system 
on this engine utilizes a constant bleed orifice in place 
of the PCV valve used in past model years. The orifice 
meters the vacuum applied to the crankcase, and is 
part of the crankcase vent tube assembly. 

A Positive Crankcase Ventilation (PCV) system is 
used to provide more complete purging of crankcase 
vapors. Fresh air from the air cleaner is supplied to 
the crankcase, mixed with blow-by gases and then 
passed through the crankcase vent tube assembly into 
the intake manifold (Figure 6E-75). 

The primary control is through the PCV orifice 
(Figure 6E-77), which meters the flow at a rate 
depending on manifold vacuum. 

To maintain idle quality, the PCV orifice restricts 
the flow when intake manifold vacuum is high. If 
abnormal operating conditions arise, the system is 
designed to allow excessive amounts of blow-by gases 
to flow back through the crankcase vent hose into the 
air cleaner to be consumed by normal combustion. 
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Fell lo. ¢ 


[1] ORIFICE (1.5 mm.) 
[2] INLET END (TO VALVE COVER) 


Figure 6E-77 - PCV Orifice Cross Section 
DIAGNOSIS 


RESULTS OF INCORRECT OPERATION 
2.5L (VIN E) 


MS 9302-6E 


e@ A plugged valve or hose may cause: 
- Rough idle. 
- Stalling or slow idle speed. 
-  Oilleaks. 
- Oilinair cleaner. 
- Sludge in engine. 
@ A leaking PCV valve or hose would cause: 
- Rough idle. 
- Stalling. 
- High idle speed. 


2.5L (VIN A) 


@e A plugged crankcase vent tube assembly may 
cause: 
- Rough idle. 
- Stalling or slow idle speed. 
- Oilleaks. 
- Oilin air cleaner. 
- Sludge in engine. 
@ A leaking crankcase vent tube assembly would 
cause: 
- Rough idle. 
- Stalling. 
- Highidle speed. 


FUNCTIONAL CHECK 
2.5L (VIN E) 


If an engine is idling rough, check for a clogged 
PCV valve, dirty vent filter or air cleaner element, or 
plugged hose. Replace as required. Use the following 
procedure: 

1. Remove PCV valve from rocker arm cover. 
2. Runthe engine at idle. 


3. Place your thumb over end of valve to check for 
vacuum. If there is no vacuum at valve, check for 
plugged hoses, manifold port at TBI unit, PCV 
valve. Replace plugged or deteriorated hoses, 
plugged PCV valve. 

4. Turn “OFF” the engine and remove PCV valve. 
Shake valve and listen for the rattle of check 
needle inside the valve. If valve does not rattle, 
replace valve. 
With this system, any blow-by in excess of the 

system capacity (from a badly-worn engine, sustained 

heavy load, etc.) is exhausted into the air cleaner and 
is drawn into the engine. 

Proper operation of the PCV system is dependent 
upon a sealed engine. If oil sludging or dilution is 
noted and the PCV system is functioning properly, 
check engine for possible cause and correct to ensure 
that system will function as intended. 


2.5L (VIN A) 


If an engine is idling roughly, check for a clogged 
crankcase vent tube assembly. Replace as required. 
Use the following procedure: 

1. Remove crankcase vent tube assembly from rocker 
arm cover. 

2. Run the engine at idle. 

3. Place thumb over inlet end to check for vacuum. If 
there is no vacuum at inlet end, check for plugged 
crankcase vent tube assembly and manifold port. 
If necessary, clean crankcase vent tube assembly 
with mineral spirits. 

With this system, any blow-by in excess of the 
system capacity (from a badly-worn engine, sustained 
heavy load, etc.) is exhausted into the air cleaner and 
is drawn into the engine. 

Proper operation of the PCV system is dependent 
upon a sealed engine. If oil sludging or dilution is 
noted and the PCV system is functioning properly, 
check engine for possible cause and correct to ensure 
that system will function as intended. 


ON-VEHICLE SERVICE 
2.5L (VIN E) 


See Figure 6E-78 or 6E-79 for replacement of PCV 
System Components. 

An engine can be damaged if it is operated without 
crankcase ventilation. Therefore, it is important to 
perform the “Functional Check” at intervals shown in 
MAINTENANCE AND LUBRICATION (SECTION 
OB) of the Service Manual or the vehicle’s 
maintenance schedule and replace PCV components as 
diagnosis requires. 

Periodically, inspect the hoses and clamps and 
replace any showing signs of deterioration. 
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[1] Pcv vaLve [6] INTAKEMANIFOLD PORT - 
[2] soot CONNECTOR 

[3] TUBE ASSEMBLY GROMMET 

[4] evsow [9] Hose 


[5] clamp MS 10958 


Figure 6E-78 - PCV System (Early 2.5L VIN E) 


[4] BOLT—TIGHTEN TO 25 N-m 
(18 LBS. FT.) 


[5 ] CONNECTOR 
[6] HOSE 
7S 3629-6E 


Figure 6E-79 - PCV System (Late 2.5L VIN E) 
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[1] CRANKCASE VENT TUBE ASSEMBLY 


[2] INLET END 
[3] Bo.t(1) 


8S 4490-6E 


Figure 6E-80 - PCV System (VIN A) 
2.5L (VIN A) 


See Figure 6E-80 for replacement of PCV system 
components. 

An engine which is operated without any 
crankcase ventilation can be damaged. Therefore, it is 
important to replace the air inlet filter/separator at 
intervals shown in MAINTENANCE AND 
LUBRICATION (SECTION OB). 

Periodically, inspect the crankcase vent tube 
assembly and crankcase vent hose and replace any 
showing signs of deterioration. 


[1] AIR CLEANER 
[2] CRANKCASE VENT FILTER 


[3] HOSE 


7S 3854-6E 
Figure 6E-81 - Crankcase Vent Filter (Typical) 


PARTS INFORMATION 


PART NAME GROUP 
Air Cleaner eoeoeeecec eo eee eee eee eeee 3.402 
Tube, C/Case Vent Cisse Sewwsiewenee Let62 
Hose, C/Case Vent Vlv 1.762 
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THERMOSTATIC AIR CLEANER (THERMAC) 


CONTENTS 
GENERAL DESCRIPTION ...ccceeeeee G6E-157 TEMPERATURE SENSOR CHECK 
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GENERAL DESCRIPTION 
PURPOSE — 


A heated intake air system is used to give good 
driveability under varying climatic conditions. 
Having a uniform inlet air temperature improves fuel 
vaporization. 


OPERATION 
2.5L (VIN E) 


The THERMAC system (Figure 6E-83 and 6E-85) 
uses a sensor, vacuum motor, and damper to regulate 
intake air temperature. The sensor monitors air 
temperature and controls the vacuum motor which in 


[1 ] AIR CLEANER ASSEMBLY 


turn positions the damper. When the incoming air is [2] AIR BLEED VALVE 

cold, the sensor will apply manifold vacuum to the [3 ] VACUUM HOSE (TO MANIFOLD VACUUM) 
vacuum motor, cutting off the cold air supply. This [4 ] HEAT STOVE DUCT 

causes all incoming air to be heated up by the exhaust [=] pamper DOOR 


manifold. Te] enone 


LINKAGE 
VACUUM DIAPHRAGM MOTOR 


[9 ] TEMPERATURE SENSOR 
AS 0648-6E 


Figure 6E-83 - THERMAC Air Cleaner 2.5L (VIN E) 


As the incoming airs warms up, the sensor will reduce 
the vacuum to the motor via an air bleed valve, thus 
re-positioning the damper to allow a cold and hot air 
mix or all cold air to enter the engine. (Figure 6E-70) 


2.5L (VIN A) 

[1] SNORKEL ; , 

[2] TEMPERATURE SENSOR ACTUATOR The THERMAC system (Figure 6E-82) on this 

[3 ] DAMPER ASSEMBLY engine regulates incoming air temperature without 
7S 3810-6E the use of vacuum. The air regulating damper is 


controlled by means of a self-contained, wax-pell 
. : , pellet 
Figure 6E-82 - THERMAC Air Cleaner 2.5L (VIN A) actuated assembly mounted in the air cleaner. 
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SNORKEL 
WAX PELLET ACTUATOR 


[1] 

[2] 

[3] PISTON 
[4 ] CALIBRATED SPRING 
[5 ] HOT AIR INLET 


[6 | REGULATING DAMPER 
ASSEMBLY 


COLD AIR INLET 


7S 3811-6E 
Figure 6E-84 - THERMAC Operation 2.5L (VIN A) 


Figure 6E-85 - THERMAC Operation 2.5L (VIN E) 


When incoming air is cold, the wax material sealed in 
the actuator is in a solid (contracted) phase and the 
damper closes off the cold air inlet. This causes all 
incoming air to be heated by the exhaust manifold. As 
the incoming air warms, the wax material expands by 
changing to liquid phase which forces out a piston to 
reposition the damper allowing a cold and hot air mix 
or all cold air to enter the engine. 


DIAGNOSIS 


RESULTS OF INCORRECT OPERATION 
2.5L (VIN E) 


@ Hesitation during warm-up can be caused by: 
- Heat stove tube disconnected. 
- Vacuum diaphragm motor inoperative (open to 
snorkel). 
- Nomanifold vacuum. 
- Damper door does not move. 
- Missing air cleaner to TBI seal. 
- Missing air cleaner cover seal or loose cover. 
- Loose air cleaner. 
@ Lack of power, sluggish, or spongy (on a hot 
engine) can be caused by: 
- Damper door does not open to outside air. 
- Temperature sensor doesn’t bleed off vacuum. 


[17] VAcuUM DIAPHRAGM MOTOR 

[2] DIAPHRAGM SPRING 

[3] temperATURE SENSOR 

AIR BLEED VALVE - CLOSED 

AIR BLEED VALVE — PARTIALLY OPEN 
AIR BLEED VALVE - OPEN 

[5 ] vacuum HOSES 

[6 |] DIAPHRAGM 


HEAT STOVE 

HOT AIR (EXHAUST MANIFOLD) 
[9 ] DAMPER DOOR 

OUTSIDE INLET AIR 


[11] SNORKEL 


A - HOT AIR DELIVERY MODE 
B - REGULATING MODE 
C = OUTSIDE AIR DELIVERY MODE 


4S 0073-6E 


2.5L (VIN A) 


Hesitation during warm-up can be caused by: 

- Heat stove tube disconnected. 

- Missing or damaged air cleaner-to-TBI gasket. 
- Loose air cleaner cover & air cleaner. 

- Missing air cleaner cover seal. 

- Damper door does not close. 

Lack of power, sluggish, or spongy (on a hot 
engine) can be caused by: 

- Damper door does not open to outside air. 


THERMAC AIR CLEANER FUNCTIONAL CHECK 
2.5L (VIN E) 


i. 


Inspect system to be sure all hoses and heat stove 
tube are connected. Check for kinked, plugged or 
deteriorated hoses. 

Check for presence and condition of air cleaner to 
throttle body gasket seal. 

With air cleaner assembly installed, damper door 
should be open to outside air. 

Start engine. Watch damper door in air cleaner 
snorkel. When engine is first stated, damper door 
should move and close off outside air. As air 
cleaner warms up, damper door should open slowly 
to outside air. 

If the air cleaner fails to operate as described 
above, perform vacuum motor check. If it operates, 
the door may not be moving at the right 
temperature. If the driveability problem is during 
warm-up, make the temperature sensor check 
below. 


VACUUM MOTOR FUNCTIONAL CHECK 
2.5L (VIN E) 


1. 


2. 


With engine “OFF,” disconnect vacuum hose at 
vacuum diaphragm motor. 

Apply at least 23 kPa (7 in. Hg.) of vacuum to the 
vacuum diaphragm motor. Damper door should 
completely block off to outside air when vacuum is 
applied. If not, check to see if linkage is hooked up 
correctly. 

With vacuum still applied, trap vacuum in vacuum 
diaphragm motor by bending hose. Damper door 
should remain closed. If not, replace vacuum 
diaphragm motor assembly. (Failure of the 
vacuum diaphragm motor assembly is more likely 
to be caused from binding linkage or a corroded 
snorkel than from a failed diaphragm. This should 
be checked first, before replacing the diaphragm.) 
If vacuum motor checks OK, check vacuum hoses 
and connections. If OK, replace the temperature 
sensor. 
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TEMPERATURE SENSOR CHECK 
2.5L (VIN E) 


1. 


Start test with air cleaner temperature below 86°F 
(30°C). If engine has been run recently, remove air 
cleaner cover and place thermometer as close as 
possible to the sensor. Let air cleaner cool until 
thermometer reads below 86°F (30°C) about 5 to 10 
minutes. Reinstall air cleaner on engine and 
continue to Step 2. 

Start and idle engine. Damper door should move 
to close off outside air immediately, if engine is 
cool enough. When damper door starts to open (in 
a few minutes), remove air cleaner cover and read 
thermometer. It must read about 131°F (55°C). 

If the damper door is not open to outside air at 
temperature indicated, temperature sensor is 
malfunctioning and must be replaced. 


THERMAC AIR CLEANER FUNCTIONAL CHECK 
2.5L (VIN A) 


1. 


Remove air cleaner assembly and cool to below 4°C 
(40°F). The damper door should be closed to 
outside air (cold air). 


2. Check for presence and condition of air cleaner to 
throttle body gasket. 

3. Reinstall air cleaner assembly and be sure heat 
stove tube is connected at air cleaner snorkel and 
exhaust manifold. 

4. Start engine. Watch damper door in air cleaner 
snorkel. As air cleaner warms up, damper door 
should open slowly to outside air (cold air). 

5. Ifair cleaner fails to operate as described, be sure 
calibrated spring is properly installed and damper 
is not binding. If OK, replace air cleaner 
assembly. 

ON-VEHICLE SERVICE 

AIR CLEANER ELEMENT 

(ALL ENGINES) 

Remove or Disconnect 

1. Aircleaner cover. 

2. Old element. 

3. Clean Housing. 


Install or Connect 


L. 
2. 


New element. 
Air cleaner cover. Do not over-torque nuts (install 
finger-tight). 
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[1 ] spot webs 
[2 ] MOTOR ASM. 
[ 3 ] RETAINING STRAP 


INSTALL REPLACEMENT SENSOR ASM. 
IN SAME POSITION AS ORIGINAL ASM. 45 0649-6E 


Figure 6E-86 - Replacing THERMAC Vacuum Motor 


[1] SENSOR RETAINING CLIP 


4S 0650-6E 


Figure 6E-87 - Replacing THERMAC Sensor 


AIR CLEANER 
(ALL ENGINES) 


Refer to Figure 6E-88 and 6E-89 for repair or 
replacement of air cleaner. 


VACUUM DIAPHRAGM MOTOR 2.5L (VIN E) 
Figure 6E-86 


Remove or Disconnect 


1. Aircleaner. 

2. Vacuum hose from motor. 

3. Drill out the two spot welds initially with a 1.6 mm 
(1/16”) drill, then enlarge as required to remove 
the retaining strap. Do not damage the snorkel 
tube. 

Motor retaining strap. 

Lift up motor, cocking it to one side to unhook the 
motor linkage at the control damper assembly. 


a 


Install or Connect 


1. Drill a 2.8 mm (7/64”) hold in snorkel tube at 
center of vacuum motor retaining strap. 

2. Vacuum motor linkage into control damper 
assembly. 


NUT - TIGHTEN TO 6 N-m (50 Ib. in.) 

AIR CLEANER 

PCV FILTER 

GASKET — REMOVE PAPER FROM NEW SEAL 
FULL MANIFOLD VACUUM HOSE MS 10959-6E 


Figure 6E-88 - Air Cleaner 2.5L (VIN E) 


3. Use the motor retaining strap and sheet metal 
screw provided in the motor service package to 
secure motor to the snorkel tube. Make sure the 
screw does not interfere with the operation of the 
damper assembly. Shorten screw if required. 

4. Vacuum hose to motor and install air cleaner. 


SENSOR 2.5L (VIN E) 
Figure 6E-87 


Remove or Disconnect 


1. Aircleaner. 

2. Hoses at sensor. 

3. Pry up tabs on sensor retaining clip. Remove clip 
and sensor from air cleaner. Note position of 
sensor for installation. 


Install or Connect 


1. Sensor and gasket assembly in original position. 
2. Retainer clip on hose connectors. 
3. Vacuum hoses and air cleaner on engine. 
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PARTS INFORMATION 
PART NAME GROUP 


AirCleaner .ccccccccccccccccccce 3.402 
Element (Paper) -eccccccccccccccce 3.410 
Not, AMG] scccccasccaseustecesees SAS 
Seal AirCleaner scscvvcscescccnnse 3.403 
Sencar. A/C] seesesvacucvasvececeses 3,415 
Motor, A/C] Vac Diaph ...ecccccccccee 3.415 
Tube, Eng AirHeat Stove .«.ccccccceee 3.417 
Stove,EngAirHeat ..... ceweecenene GAIT 


[4] NUT-TIGHTEN TO 2 N-m (18 Ib. in.) 
[2] AIR CLEANER 
[3] PCvFILTER 


[4] GASKET - REMOVE PAPER FROM NEW SEAL 
6S 2894-6E 


Figure 6E-89 - Air Cleaner 2.5L (VIN A) 
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BLANK 
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SPECIAL TOOLS 


CONTENTS 

GENERAL cccccccccccccccccccee G6E-163 Throttle Position secscesccecses 6E-165 
T-100 - GM CAMS e@oeoeevoeeeoeeeeeeee 6E-163 Throttle Angle eeoeoeveeveeeeeeeee 6E-165 
Tech 1 “Sean” Tools «.cessencecsases 6E-163 Oxygen Sensor cseeesscsesecsees 6E-165 
“SCAN” TOOLMODES ..ccccccecee GE-164 Inj. Pulse Width sscessssesesuses 6E-165 
Road Test (Open) Mode ....eeeee 66-164 Spark Advance sccosccsscccesee 6E-165 
ALDL(10K or Special) Mode ...2... 6E-164 Fuel Injector and Block Learn «22.2.2. 6£E-165 
Factory Test (Back-up or 3.9K) Mode . 6E-164 Open/Closed Loop wee ee cece eee G6E-165 
“SCAN” TOOL USE WITH Block Learn Cell sesseeeesees0s GE-166 
INTERMITTENT CONDITIONS 2.2.22 6E-164 Idle Air Control (IAC) .2eeeeeeeee 6E-166 
"SCAN" TOOL DATA wecccccccecee G6E-164 Park/Neutral Switch ...eeeceeeeee 6E-166 
EngineSpeed .cecccccccccccce 6E-164 MPHKPH svsscwecuxsoewcese: GE-TEG 
Desired Idle ws .cccccccccccccee 6E-164 Torque Converter Clutch (TCC) .~.... 6E-166 
Coolant Temp. .wecccccccccccce O6E-164 Batt/Ign Volts cwecccccccccceces 6E-166 
MAT/INTAIRTEMP. .ceeccccceee 6E-164 Power Steering s.eeccecccccceee 6E-166 
MAP/BARO cecccccccccccccceces 6E-164 PROMID <seuecseccneseness 6E-166 
Time From Start wecccccccccecee 6E-166 

GENERAL e@ Error codes stored in the ECM are read and 


The special tools required to service the fuel and 
emission systems are illustrated in Figures 6E-91 
through 6E-94. 

You should know how to use a test light, how to 
connect and use a tachometer, and how to use a jumper 
wires to by-pass components to test circuits. A test 
light or voltmeter must be used when specified in the 
procedures. They must NOT be interchanged. Care 
should be taken to not deform terminals when testing. 

You should be familiar with the Digital Volt-Ohm 
Meter, particularly essential tool J 29125-A, J 34029- 
A or equivalent. You should be able to measure 
voltage, resistance, and current and know how to use 
the meter correctly. 

The Fuel and Emissions system requires a Tech 1 
Diagnostic Computer or equivalent “Scan” tool for 
diagnosis. For more complete information on the 
operation these tools, consult the tool manufacturer's 
instructions. 


T 100 - GM CAMS 


The T100-GM CAMS (Computerized Automotive 
Maintenance System) is a computerized technician's 
terminal unit. When connected to a vehicle, performs 
engine, electronic circuit and systems tests to find 
possible vehicle problems in the engine system or the 
Electronic Control Module (ECM). 


The terminal diagnoses as follows: 

@ Circuit diagnostic procedures provide 
information on how to isolate a problem and 
repair requirements. 

e If no problem exists, engine performance 
problems are diagnosed. 


diagnosed by the system. 
TECH 1 “SCAN” TOOL 


The ECM can communicate a variety of 
information through ALDL connector “M”. This data 
is transmitted at a high frequency which requires a 
Tech 1 Diagnostic Computer (“Scan”) tool for 
interpretation. 

Tree Charts incorporates diagnosis procedures 
using an ALDL “Scan” tool where possible. Tech 1 
“Scan” tools do not make the use of diagnostic charts 
unnecessary. They do not tell exactly where a problem 
is in a given circuit. However, with an understanding 
of what each position on the equipment measures, and 
knowledge of the circuit involved, the tools can be very 
useful in getting information which would be more 
time consuming to get with other equipment. 

In some cases, “Scan” tools will provide 
information that is either extremely difficult or 
impossible to get with other equipment. 


A “SCAN” TOOL THAT DISPLAYS FAULTY DATA 
SHOULD NOT BE USED AND THE PROBLEM SHOULD 
BE REPORTED TO THE MANUFACTURER. THE USE OF 
A FAULTY “SCAN” TOOL CAN RESULT IN 
MISDIAGNOSIS AND UNNECESSARY PARTS 
REPLACEMENT. 


ECM’s have three modes for transmitting 
information but some only read data in the open mode. 
The following information will describe each of the 
three modes where applicable and the affects they may 
cause. ; 
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”"SCAN” TOOL MODES 
Road Test (Open) Mode 


Not all systems will transmit information on the 
Serial Data Line while in this mode. 

On systems that can be monitored in the open 
mode, it allows certain parameters to be obtained 
without changing the engine operating 
characteristics. The parameters capable of being read 
vary from engine family to engine family. Most “Scan” 
tools are programmed so that the system will go 
directly into the special mode if the “open” mode is not 
available. 


ALDL (10K, or Special) Mode 


In this mode, all information incorporated into a 
specific engine and ECM is obtainable. However, in 
this mode the system operating characteristics are 
modified as follows: 

@ “Closed Loop” timers in ECM are bypassed. 

@ EST (spark) is advanced. 

@ IAC will control engine idle at 1000 rpm + -50 
rpm. 

@ PIN restrict functions will be disabled. 


Factory Test (Back-up or 3.9K) Mode 


When in this mode, the ECM is operating on the 
fuel back-up logic and calibrated by the MEM-CAL. 
The MEM-CAL is used to control the fuel delivery if 
the ECM fails. This mode verifies that the back-up 
feature is OK. The parameters that can be read ona 
“Scan” tool in this mode are not of much use for 
service. 


“SCAN” TOOL USE WITH INTERMITTENT 
CONDITIONS 


The “Scan” tool allows a quick check of sensors and 
switches which are inputs to the ECM. However, on 
some applications the data update rate makes the tool 
not as effective as a voltmeter when trying to detect an 
intermittent which lasts for a very short time. 
However, the “Scan” tool allows manipulation of 
wiring harnesses or components under the hood while 
observing the “Scan” readout. This helps in locating 
intermittents with the engine not running. 

The tool can be plugged in and observed while 
driving the vehicle under the condition where the 
“Check Engine” light comes “ON” momentarily, or the 
engine driveability is poor momentarily. If the 
problem seems to be related to certain areas that can 
be checked on the “Scan” tool, then those are the 
positions that should be checked while driving the 
vehicle. If there does not seem to be any correlation 
between the problem and any specific circuit, the 


“Scan” tool can be checked on each position, watching 
for a period of time to see if there is any change in the 
reading that indicates intermittent operation. 

The “Scan” tool is also a useful and quick way of 
comparing operating parameters of a poorly operating 
engine with a known good one. For example; A sensor 
may shift in value but not set a trouble code. 
Comparing with a known good vehicle good vehicle 
may uncover the problem. 

The “Scan” tool has the ability to save time in 
diagnosis and prevent the replacement of good parts. 
The key to using the “Scan” tool successfully for 
diagnosis lies in the technicians ability to understand 
the system he is trying to diagnose as well as an 
understanding of the “Scan” tool’s limitations. 
Therefore, the technician should read the tool 
operating manual to become familiar with the tool. 
The following information will describe most of the’ 
“Scan” tool positions and how they can be helpful in 
diagnosis. 


“SCAN” TOOL DATA 
Figure 6E-90 


ENGINE SPEED 


Displays engine rpm. Often useful if extra 
reference pulses are suspected. A sudden high RPM 
indication while at a steady throttle would indicate 
Electromagnetic Interference (EMI) in the reference 
circuit. This interference is usually caused by ECM 
wires too close to ignition secondary wires or an open 
distributor ground circuit. 


DESIRED IDLE 


Indicates the rpm to which the ECM is trying to 
control the idle. 


COOLANT TEMP. 


Displays engine temperature in degrees 
centigrade. After engine is started the temperature 
should rise steadily to about 85-95°C then stabilize 
when the thermostat opens. 


MAT/INT AIR TEMP 


Displays temperature of the intake air. Should 
read close to ambient air temperature when the engine 
is cold, and rise as underhood and engine temperature 
increases. 


MAP/BARO 


The MAP Sensor produces a low signal voltage 
when manifold pressure is low (high vacuum) and a 
high voltage when the pressure is high (low vacuum). 


TECH 1 TOOL DATA 


Only the parameters listed below are used in 
this manual for diagnosis. If a “Scan” tool reads 
other parameters, the values are not 
recommended by General Motors for use in 
diagnosis. For more description on the values and 
use of the Tech 1 tool to diagnosis ECM inputs, 
refer to the applicable “Component Systems” 
diagnosis. 


A "SCAN” TOOL THAT DISPLAYS FAULTY 
DATA SHOULD NOT BE USED AND THE 
PROBLEM SHOULD BE REPORTED TO THE 
MANUFACTURER. THE USE OF A FAULTY 
“SCAN” TOOL CAN RESULT IN MISDIAGNOSIS 
AND UNNECESSARY PARTS REPLACEMENT. 


“SCAN” POSITION UNITS DISPLAYED 


ENGINE SPEED RPM 
DESIRED IDLE RPM 


COOLANT TEMP DEGREES CELSIUS (°C) 
DEGREES FAHRENHEIT (°F) 
MAT/INT DEGREES CELSIUS (°C) 


AIR TEMP DEGREES FAHRENHEIT (°F) 


MAP kPa/VOLTS 
BARO kPa/VOLTS 


THROTTLE POSITION VOLTS 
THROTTLE ANGLE 0- 100% 


OXYGEN SENSOR MILLIVOLTS (mV) 


INJ. PULSE WIDTH MILLI SECONDS (m SEC.) 


SPARK ADVANCE DEGREES 
ENGINE SPEED RPM 


FUEL INTEGRATOR COUNTS 
BLOCK LEARN COUNTS 


OPEN/CLOSED LOOP OPEN/CLOSED 
BLOCK LEARN CELL CELL 1 to 16 


IDLE AIR CONTROL COUNTS (STEPS) 
PARK/NEUTRAL P-N and R-DL 


MPH KPH 0-255 
TORQUE CONV CL “ON"/"OFF" 


A/C REQUEST “YES"/"NO" 
A/C CLUTCH “ON"/"OFF" 


BATT/IGN VOLTS VOLTS 
POWER STEERING NORMAUHIGH PRESS 


PROM ID 0000 TO 9999 
TIME FROM START HRS/MIN/SEC 


11-16-90 
LS 8446-6E 


Figure 6E-90 - “Scan” Tool Data 
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With the ignition on and the engine stopped, the 
manifold pressure is equal to atmospheric pressure 
and the signal voltage will be high. This information 
is used by the ECM as an indication of vehicle altitude 
and is referred to as BARO. : 


THROTTLE POSITION 


Values read will be the voltage as seen by the 
ECM. The voltage should be the TPS specification 
with the throttle closed and go up to about 5 volts with 
throttle wide open (WOT). 


THROTTLE ANGLE 


Displays in percent the amount the throttle is 
open. 


OXYGEN SENSOR 


The reading will be read out in millivolts (mV) 
with a range form 1 to 999 mV. If the reading is 
consistently below 350 (350 mV), the fuel system is 
running lean as seen by the ECM and if the reading is 
consistently above 550 (550 mV), the system is 
running rich. 


INJ. PULSE WIDTH 


In this position, the reading is given in 
milliseconds which is the one time that the ECM is 
commanding to the injector. 


SPARK ADVANCE 


Displays degrees of spark advance from base set 
timing. 


FUEL INTEGRATOR AND BLOCK LEARN 


On Fuel Injected Engines, normal readings for 
these positions are around 128, if higher, it indicates 
that the ECM is adding fuel to the base fuel 
calculation because the system is lean, and if the 
numbers are below 128 the ECM is taking out fuel 
from the base calculation because the system is rich. 

The integrator is short term corrective action 
while the block learn portion (which is a long term 
correction) will only change if the integrator has seen 
a condition which lasts for a calibrated period of time. 


OPEN/CLOSED LOOP 


This position will indicate whether the engine 
control system is operating in “Open” or “Closed 
Loop.” Most systems go “Closed Loop” after a certain 
amount of time, when coolant temperature is high 
enough, and the oxygen sensor becomes active. 
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BLOCK LEARN CELL 


There are two to sixteen different cells which the 
ECM learns at depending on RPM and airflow or MAP. 
This parameter will display what cell the ECM is 
using for the fuel calculation at the time. 


IDLE AIR CONTROL (IAC) 


This system is used to control engine idle speed to 
the desired rpm, for different operating conditions. In 
this mode, the numbers will indicates what position 
the ECM thinks the valve is in. The ECM moves the 
IAC in counts and these counts are what is displayed 
ona “Scan” tool. 


PARK/NEUTRAL SWITCH 


The indication in this mode may vary with 
manufacturer so the type of reading for a particular 
tool should be checked in the operator’s manual. The 
important thing is that the reading changes state 
(switches) when the gear selector is moved from 
park/neutral to drive or reverse. 


MPH KPH 


Displays vehicle speed. Useful in Checking TCC 
lock up speed or speedometer accuracy. 


TORQUE CONVERTER CLUTCH (TCC) 


In this position, the tool will indicate when the 
TCC has been commanded by the ECM to turn “ON.” 
This does not necessarily mean that the clutch was 
engaged but only that the ECM grounded the circuit 
internally. The best way to determine if the clutch has 
engaged is to monitor engine RPM when the TCC 
comes “ON.” 


BATT/IGN VOLTS 


Displays the battery voltage detected at the ECM 
ignition input. 


POWER STEERING 


Displays the state of Power Steering Pressure 
Switch. This reading may vary with the tool used and 
the type of switch installed on the vehicle. The 
important thing is that the reading changes state 
(switches) when the steering is moved against the 
stops. 


PROM ID 


In this portion, information is used for assembly 
verification only. PROM ID is useful only when the 
vehicle is equipped with the original ECM and PROM 
or MEM-CAL. 


TIME FROM START 


Displays engine run time since start-up. 
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VOLTMETER - Voltage Position Measures amount of 
voltage. When connected in parallel to an existing 
circuit. A digital voltmeter with 10 megohm input 
impedance is used because some circuits require 
accurate low voltage readings, and some circuits in 
the ECM have a very high resistance. 


AMMETER - When used as ammeter, this meter also 

accurately measures extremely low current flow. 

Refer to meter instructions for more information. 

@ Selector must be set properly for both function 
and range. DC is used for most automotive 
measurements. 


OHMMETER - Measures resistance of circuit directly 

in ohms. Refer to meter for more information. 
OL Display in all ranges indicates open circuit. 
Zero display in all ranges indicates a short circuit. 
Intermittent connection in circuit may be 
indicated by digital reading that will not 
stabilize on circuit. 
Range Switch. 

HIGH IMPEDANCE MULTIMETER 2002 - Reads ohms directly 
(DIGITAL VOLTMETER-DVM) 2K,20K,200KQ - Reads ohms in thousands 
J 34029-A 2M and 20MQ- Reads ohms in millions 


TECH 1 DIAGNOSTIC COMPUTER 
A hand-held “SCAN” tool used to analyze and 
diagnose fuel and emission system. Also can be 
used to analyze other computer system. 


TACHOMETER 
Use inductive trigger signal pickup type to check 
RPM. 


CONNECTOR TEST ADAPTER KIT 
Used to make electrical test connections in 
current Weather Pack, Metri - Pack and Micro- 
Pack style terminals. 


135616 78 3504 GE 


Figure 6E-91 - Special Tools (1 of 4) 
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CES OXYGEN SENSOR WRENCH 


oe) Used to remove or install the oxygen sensor. 


J 29533-A/BT8127 


(CU IDLE AIRCONTROL WRENCH 
LE Used to remove or install [AC valve on throttle body. 


J 33031/BT8130 


INJECTOR TEST LIGHT: 
Used to check electrical circuit to a TBI 700 fuel 
injector. 


CIRCUIT TESTER 
Used to check all relays and solenoids before 
connecting them to anew ECM. Measures the circuit 
resistance and indicates pass or fail via green or red 
LED. Amber LED indicates current polarity. Can also 
be used as a non-powered continuity checker. 


J 34636/BT8405 


METRI-PACK TERMINAL REMOVER 
Used to remove 150 series Metri-Pack “pull-to-seat” 
terminals from connectors. Refer to wiring harness 
service in Section “3” for removal procedure. 


J 35689A 


WEATHER PACK TERMINAL REMOVER 
Used to remove terminals from Weather Pack 
connectors. Refer to wiring harness service in Section 
3 for removal procedure. 
J 28742-A 


ECM CONNECTOR TERMINAL REMOVER 
<a Used to remove terminal from Micro-Pack connectors. 
Refer to wiring harness service in Section “6E” for 
removal procedure. 
11-30-90 
J 33095/BT8234-A MS 11009 
Figure 6E-92 - Special Tools (2 of 4) 
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SPARK TESTER 


Used to check available secondary ignition 
voltage. Also called an $T125. 
J 26792/BT-7220-1 


FUEL LINE WRENCH 


Used to disconnect or connect fuel lines at TBI 
unit by holding fuel nut at throttle body. 


MINIMUM IDLE SPEED ADJUSTING WRENCH 
Used to adjust throttle stop screw on TBI unit. 


FUEL PRESSURE GAGE 
Used to check and monitor fuel line pressure. 


IAC SYSTEM MONITOR 


Used to test IAC motors for correct functioning 
and proper response to commands. 


FUEL TANK SENDING AND PUMP UNIT 


Used to remove and install cam lock nut on the 
fuel tank sending and pump unit in Section 4. 


IGNITION MODULE TESTER 
Used to test ignition module in Section 6. 


ha 
~—p = 


Se en 
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Figure 6E-93 - Special Tools (3 of 4) 
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SPECIFICATION 


Engine Timing 


Idle Speed, ECM 
Controlled 


Spark Plug Type 
Spark Plug Gap 


Engine Code 


Engine Family 
Filter Part Numbers 


Part Numbers of 
Major Components 


Replacement of 
Control Information 
Label 


OIL PRESSURE SENDING UNIT SOCKET 
Used to remove and install oil pressure sending unit. 


J 35748 


OIL PRESSURE SWITCH SOCKET 
Used to remove or install oil pressure switch. 


J 35749 


VACUUM PUMP (20 IN. HG. MINIMUM) 
Use gage to monitor manifold engine vacuum and 
check vacuum sensors, solenoids and valves. 


J 23738 


UNPOWERED TEST LIGHT 
Used to check wiring for complete circuit and short to 
ground or voltage. 


5-24-90 
9S-8140-AS 


Figure 6E-94 - Special Tools (4 of 4) 


SPECIFICATIONS 


LOCATION OF INFORMATION 


Vehicle Emission Control Information label. 


Not adjustable. ECM controls idle. 


See Operations Manual, Section “6”. 


Vehicle Emission Control Information label. 


8th digit of VIN number. See Section “OA”. Also Owner’s 
Manual, Section “7”. 


Vehicle Emission Control Information label. 
See Operations Manual, Section “6”. 
Grumman LLV Parts Manual. 

Grumman LLV Parts Manual. 


11-6-90 
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ABBREVIATIONS AND GLOSSARY OF TERMS 


Abbreviations used in this manual are listed below 
in alphabetical order with an explanation of the 
abbreviation. There are some variations in the use of 
periods and in capitalization (as mph, m.p.h., Mph, and 
MPH) for abbreviations used in this section but all 
types are acceptable. 


A/F - AIR/FUEL (A/F RATIO) - The amount of air-to-fuel 
for combustion of fuel. Ideal ration is 14.7 parts of air 
to 1 part of fuel. 


AIR - AIR INJECTOR REACTION SYSTEM - Air flow from 
pump is directed into engine exhaust manifold and/or 
converter to reduce exhaust emissions. 


ALDL - ASSEMBLY LINE DIAGNOSTIC LINK - Used at 
assembly to evaluate Computer Command Control and 
for service to flash the “Service Engine Soon” light if 
there are trouble codes. Also used by “Scan” tools to 
obtain ECM serial data. ° 


ANALOG SIGNAL - An electrical signal that varies in 
voltage within a given parameter. 


Bat + - Battery Positive Terminal (12 Volts). 


BLOCK LEARN - ECM memory that adjusts the air/fuel 
ratio on a semipermanent basis. 


CAPACITOR - An electrical device used to store a 
temporary charge. 


CAL-PAK - A device used with fuel injection to allow 
fuel delivery in the event of a PROM or ECM 
malfunction. 


CALIBRATOR - (MEM-CAL) - An electronic component 
which can be specifically programmed to meet engine 
operating requirements for each vehicle model. It 
plugs into the Engine Control Module (ECM). 


CCC - COMPUTER COMMAND CONTROL - Has an 
electronic control module to control air/fuel and 
emission systems. 


“CHECK ENGINE” LIGHT - Lights when a malfunction 
occurs in Computer Command Control system. 


CID - CUBIC INCH DISPLACEMENT - Used to describe 
engine size. 


C/LOOP - CLOSED LOOP - Designed with feedback 
information to the ECM to maintain an optimum 
air/fuel ratio (14.7:1), output. 


COOLANT TEMPERATURE SENSOR (CTS) - Device that 
senses the engine coolant temperature, and passes 
that information to the electronic control module. 


CONVERTER - CATALYTIC CONVERTER - Containing 
platinum and palladium to speed up conversion of HC 
and CO. 


CO - CARBON MONOXIDE - One of the pollutants 
found in engine exhaust. 


CURRENT OR AMPERAGE - The rate of flow of electrons 
is similar to gallons of water per minute flowing in a 
water pipe. 


DIAGNOSTIC CODE - Pair of numbers obtained from 
flashing “Check Engine” light, or displaying on a 
“Scan” tool. This code can be used to determine the 
system malfunction. ; 


DIAGNOSTIC TERMINAL - Grounding terminal “B” of 
ALDL connector will flash or display a code. When 
grounded with the engine running will enter the 
“Field Service Mode.” 


DIODE - An electrical device that restricts current flow 
in one direction. 


DRIVER - An electrical device, usually a power 
transistor, that operates like a switch; that is, it turns 
something “ON” or “OFF.” 


DVM (10 Meg.) - Digital Voltmeter with 10 Million 
ohms resistance - used for measurement in electronic 
systems. 


ECM - ELECTRONIC ENGINE CONTROL MODULE - A 
metal case (located in driver’s compartment) 
containing electronic circuitry which electrically 
controls and monitors air/fuel and emission systems on 
Computer Command Control, and turns “ON” the 
“Check Engine” light when a malfunction occurs in 
the system. 


EFI - ELECTRONIC FUEL INJECTION - Computer 
Command Control using throttle body fuel injection. 


EGR - EXHAUST GAS RECIRCULATION - Method of 
reducing NOx emission levels. 


EECS - EVAPORATIVE EMISSIONS CONTROL SYSTEM - 
Used to prevent gasoline vapors in the fuel tank from 
entering the atmosphere. 
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EMI OR NOISE - An unwanted signal interfering with 
another needed signal; like an electrical razor upsets a 
television picture, or driving under high voltage power 
lines upsets the AM radio in a vehicle. 


ENERGIZE/DE-ENERGIZE - When current is passed 
through a coil (energized) such as a solenoid, a plunger 
is pulled or pushed. When the voltage to the solenoid 
is turned off, (de-energized), a spring raises or lowers 
the plunger. 


ESC - ELECTRONIC SPARK CONTROL - Used to sense 
detonation and retard spark advance when detonation 
occurs. 


EST - ELECTRONIC SPARK TIMING - ECM controlled 
timing of ignition spark. 


EVRV - ELECTRONIC VACUUM REGULATOR VALVE - 
Controls EGR vacuum. 


FED - FEDERAL - Vehicle/Engine available in all states 
except California. 


Fl - FUEL INJECTION - Computer Command Control 
using throttle body fuel injection. 


GROUND - A wire shorted to ground. A common 
return path for an electrical circuit. A reference point 
from which voltage measurements may be made. 


HC - HYDROCARBONS - One of the pollutants found in 
engine exhaust. Hydrogen and carbon in gasoline. 


HIGH - A voltage more than ground or 0, like the 
output wire of an oxygen sensor is called __ voltage 
high, as compared to the ground, which is called 
voltage low. In digital signals, high is “ON” and low is 
“OFF.” 


HIGH IMPEDANCE VOLTMETER - Has high opposition 
to the flow of electrical current. Good for reading 
circuits with low current flow, such as found in 
electronic systems. 


HEI - HIGH ENERGY IGNITION - A distributor that uses 
an electronic module and pick-up coil in place of 
contact points. 


Hg - MERCURY - A calibration material used as a 
standard for vacuum measurement. 


IAC - IDLE AIR CONTROL - Installed in the throttle body 
of a fuel injected system and controlled by the ECM to 
regulate idle speed. 


IDEAL MIXTURE - The air/fuel ratio which provides the 
best performance, while maintaining maximum 
conversion of exhaust emissions, typically 14.7/1. 


IGN - IGNITION - Refers to ignition switch and lock. 


INPUTS - Information from sources (such as, coolant 
temperature sensors, exhaust oxygen sensor, etc.) that 
tell the ECM how the systems are performing. 


INTERMITTENT - Occurs now and then; not 
continuously. In electrical circuits, refers to occasional 
open, short, or ground. 


I/P. - INSTRUMENT PANEL - Contains instrument gages 
and indicator lights to indicate performance of the 
vehicle. 


KM/H - KILOMETER PER HOUR - A metric unit 
measuring distance (1000 meters) in one hour. 


L-LITER-A metric unit of capacity. 


LOW - Operates the same as ground and may, or may 
not, be connected to chassis ground. 


L4- FOUR CYLINDER IN-LINE ENGINE 


MALFUNCTION - A problem that causes the system to 
operate incorrectly. Typical malfunctions are; wiring 
harness opens or shorts, failed sensors, or circuit 
components. 


MAP - MANIFOLD ABSOLUTE PRESSURE SENSOR - 
Reads pressure changes in intake manifold with 
reference to zero pressure. It puts out a voltage which 
is highest when the pressure is highest. The 
maximum voltage is between 4-5 volts. 


MEM-CAL (Calibrator) - Contains specific calibrations 
to meet the requirements of a specific engine.. 


MODE -A particular state of operation. 


MPH - MILES PER HOUR - A unit measuring distance 
(5280 feet) in one hour. 


N.C. - NORMALLY CLOSED - State of switch or relay 
contacts or solenoid plunger when no voltage is 
applied. 


N-m - NEWTON METERS (TORQUE) - A metric unit 
which measures force. 


N.O. - NORMALLY OPEN - State of switch or relay 
contacts or solenoid plunger when no voltage is 
applied. 


NOx - NITROGEN, OXIDES OF - One of the pollutants 
found in engine exhaust. Nitrogen that combines with 
’ oxygen to form oxides of nitrogen. 


O2 - OXYGEN (O2) (SENSOR) - Monitors the oxygen 
content of the exhaust system and generates a voltage 
signal to the ECM. 


O/L - OPEN LOOP - Describes ECM fuel control 
without use of oxygen sensor information. 


OUTPUT - Functions, typically solenoids, that are 
controlled by the ECM. 


OXYGEN SENSOR, EXHAUST - Device that detects the 
amount of oxygen (Og) in the exhaust stream. 


POSITIVE CRANKCASE VENTILATION (PCV) - Prevent 
fumes in crankcase from passing into atmosphere. 


P/N - PARK/NEUTRAL - Refers to switch used to indicate 
to the ECM the position of the automatic transmission. 


PORT - EXHAUST OR INTAKE PORT 


PROM - PROGRAMMABLE READ ONLY MEMORY- An 
electronic term used to describe the engine calibration 
unit. 


PULSE WIDTH MODULATED - A device operated by a 
digital signal that is controlled by the time duration 
the device is turned “ON” or “OFF.” 


QUAD DRIVER - A “chip” device that is capable of 
operating four separate outputs. Some have digital 
and some have pulse width modulated outputs. 


RESISTANCE - The ability of a circuit to limit current 
flow; like a restriction in a water pipe. 


RPM - REVOLUTIONS PER MINUTE - A measure of 


rotational speed. 


SELF-DIAGNOSTIC CODE - The ECM can detect 

malfunctions in the system. If a malfunction occurs, 

the ECM turns “ON” the “Check Engine” light. A 

diagnostic code can be obtained from the ECM through 

the “Check Engine” light. This code will indicate the 
‘ area of the malfunction. 


TACH - TACHOMETER - A device for indicating speed 
for rotation. ; 
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TBI - THROTTLE BODY INJECTION (UNIT) - Is controlled 
by the ECM to supply precise air/fuel mixture into the 
intake manifold. 


TCC - TRANSMISSION / TRANSAXLE CONVERTER 
CLUTCH - ECM controlled solenoid in transmission 
which positively couples the transmission to the 
engine. 


THERMAC - THERMOSTATIC AIR CLEANER - Provides 
preheated air to intake manifold to provide better 
driveability when engine is cold. 


TPS - THROTTLE POSITION SENSOR - Device that tells 
the ECM the throttle position. 


TVS - THERMAL VACUUM SWITCH - Used to control 
vacuum in relationship to engine temperature. 


V-VOLT - A measurement of electrical pressure. 


VOLTAGE - The pressure of force pushing the current 
in acircuit; like pressure in a water pipe. 


V-6 - SIX CYLINDER ENGINE - Arranged ina “V”. 
V-8 - EIGHT CYLINDER ENGINE - Arranged ina “V". 


VACUUM - Negative pressure; less than atmospheric 
pressure. 


VACUUM, MANIFOLD - Vacuum source in manifold 
below throttle plate. 


VACUUM, PORTED - A vacuum source above 
(atmospheric side ) of closed throttle plate. 


VIN - VEHICLE IDENTIFICATION NUMBER - Appears on 
a plate attached to the windshield pillar. 


VSS - VEHICLE SPEED SENSOR - Sensor which sends 
vehicle speed information to the ECM. 


WOT - WIDE OPEN THROTTLE - Refers to the throttle 
valve or accelerator pedal when fully open or 
depressed. 


BLANK 
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SECTION 6F 
EXHAUST 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 


parts or system damage could result. 
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DESCRIPTION 


The exhaust pipe, muffler and tailpipe are standard 
equipment. The exhaust system uses ball joint 
couplings to secure the exhaust pipe to the engine 
exhaust manifold and to the rear of the catalytic 
converter. The ball joint will allow angular movement for 
alignment purposes. The other connections use a slip 
joint coupling design with a clamp and U-bolt. 

The exhaust system is suspended by hangers 
attached to the frame members. This will permit some 
movement of the exhaust system, but should not permit 
the transfer of noise and vibration into the vehicle. 

Heat shields are used to protect both the vehicle and 
the environment from the high temperatures developed 
from the exhaust system, especially the catalytic 
converter. 


The catalytic converter is an emission control device 
added to the gasoline engine exhaust system to reduce 
hydrocarbon and carbon monoxide pollutants from the 
exhaust gas stream. The converter contains beads 
which are coated with a catalytic material containing 
platinum and palladium. The catalytic converter for the 
computer command control emission system will also 
contain rhodium to reduce the level of nitrogen oxides. 
The catalyst in the converter is not serviceable. 


THE CATALYTIC CONVERTER REQUIRES THE 
USE OF UNLEADED FUEL ONLY. 


Se 
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DIAGNOSIS OF EXHAUST SYSTEM 


Exhaust system performance complaints, such as excessive back pressure, are noticeable by their effect on 
engine performance. However, other malfunctioning vehicle components have similar effects on engine performance 
and are characterized by the same symptoms or complaints. Therefore, it is necessary to refer to the engine 
diagnosis procedure when attempting to diagnose this type of problem. 


NOTICE: Replacement of exhaust system parts MUST meet OEM standard. 


PROBLEM POSSIBLE CAUSE CORRECTION 


Vibrating Or 1. Loose and/or misaligned components. 
Rattling From 
Exhaust System 


1. Align, then tighten connections. 
Check for damaged hanger or 
mounting brackets and clamps. 


Restricted 
Exhaust System 


. "Kinked" exhaust tubing. . If possible, repair damaged condition, 
otherwise replace component. 

. If restriction is suspected, remove 
muffler and visually check it. Replace 

- muffler if a restriction exists. 

. Remove obstruction, or if end is 
crimped, straighten outlet. 

. Replace catalytic converter. 


. Restriction within muffler. 


. End of tailpipe obstruction. 


. Plugged catalytic converter (may result 
from serious engine malfunction). 


Exhaust Leakage 
And/Or Noise 


. Leakage at exhaust component joints 
and couplings. 


. Tighten clamps or couplings to 
specified torque. 


INSPECTION 


. Improperly installed or misaligned. 
. Exhaust manifold cracked or broken. 
. Leak between exhaust manifold and 


cylinder head. 


. Damaged or worn seals or packing. 


. Burned or rusted out exhaust pipe 
heat tube extension. 

. Burned or rusted out exhaust pipe. 
. Burned or blown out muffler. 

. Broken or loose clamps and/or 
brackets. 


. Align, then tighten connections. 
. Replace manifold. 
. Tighten manifold to cylinder head nuts 


and bolts to specifications. 


. Replace seals or packing as 


necessary. 


. Replace heat tube extensions as 


required. 


. Replace exhaust pipe. 
. Replace muffler assembly. 
. Repair or replace as necessary. 


ON-VEHICLE SERVICE 


The exhaust system, including heat shields, must be 
free of leaks, binding, grounding and excessive 
vibration. These conditions are usually caused by 
damaged or loose flange bolts, heat shields, brackets 
or pipes. If any of these conditions exist, check the 
exhaust system components and alignment. Align and 
replace as necessary. 


Inspect exhaust pipe, catalytic converter muffler and 
tailpipe for cracked joints, broken welds and corrosion 
damage that would result in a leaking exhaust system. 
Inspect the clamps, brackets and insulators for cracks 
and stripped or corroded bolt threads. 
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REMOVING EXHAUST PARTS 


CAUTION: Always wear protective goggles and 
gloves when removing exhaust parts as falling 
rust and sharp edges from worn exhaust 
components could result In serious personal 
injury. 


When removing exhaust components an 
accumulation of dirt and corrosion can make work 
difficult. Using a penetrating oil on the threads of U- 
bolts can assist in the removal of these components. 


Figure 1 — Exhaust Layout - 2.5L Engine 


INSTALLING EXHAUST PARTS 


When installing a new exhaust pipe or muffler and 
tailpipe, on any model, check for proper alignment. 
Rattles and noise vibrations in the exhaust system are 
usually caused by misalignment of parts. When 


aligning the system, leave all bolts or nuts loose until all 
parts are properly aligned, then tighten, working from 
the front to the rear. 

Exhaust system hangers, hanger brackets, and 
clamps which are damaged should be replaced to 
maintain exhaust system alignment. 


. Catalytic Converter 

. Tailpipe 

. Tailpipe Hanger 

. Muffler Hanger 

. Muffler 

. Support Bracket 

. Exhaust Manifold Pipe 


F-10002 


6F - 4 EXHAUST 


i] Important 


When jacking or lifting the vehicle from the frame 
side rails, be certain lift pads do not contact the 
Catalytic converter as damage to the converter will 
result. 

e Sealer 8998245 or equivalent is to be applied to all 
slip joint connections. 

e Sealer such as 1051249 or equivalent should be 
used at all clamped joint connections. 

@ When replacing a muffler, the tailpipe should also be 
replaced. 


e When installing the exhaust pipe to the exhaust . Exhaust Manifold Pipe 
manifold, always use new packings. . Exhaust Manifold Seal 
. Spring 
Refer to figures 1 through 5 for component . Bolt 


replacement of the exhaust system. . Exhaust Manifold 
Figure 2— Exhaust Manifold, Seal, and 
Exhaust Pipe 
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. Catalytic Converter . Bolt 

. Support Bracket . Exhaust Pipe 
. Exhaust Manifold Pipe . Bolt 

. Heat Shield . Bolt 

. Bolt . Clamp 

. Bracket . Nut 


Figure 3 — Catalytic Converter and Heat Shield 


EXHAUST 6F - 5 


CATALYTIC CONVERTER Install or Connect (Figure 3) 
REPLACEMENT 1. New catalytic converter (1) onto exhaust 
ifold pi ‘ 

Remove or Disconnect (Figure 3) minis Eee 


2. Clamp (19) at front of catalytic converter (1). 

3. Exhaust pipe (16) to catalytic converter (1). 
e Raise vehicle on a hoist. 4. Bolts (17). 
1. Bolts (13) and heat shield (12). 5. Bolts (18), nut (20) into converter support 
2. Bolts (18), mut (20) from converter support bracket (6). 


bracket (6). 6. Heat shield (12) and bolts (13). 
3. Clamp (19) from front of catalytic converter (1). e Lower vehicle. 
4. Bolts (17) from rear of catalytic converter (1). 
5. Catalytic converter (1). 


. Tailpipe 

. Hanger 

. Bracket 

. Bolt 

. Bolt 

. Spring Washer 
. Nut 


. Tailpipe 

. Hanger 

. Spring Washer 
. Nut 

. Bolt 

. Bolt Figure 5— Muffler Hanger 
. Bracket F-10005 


Figure 4 — Tailpipe Hanger 
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TRANSMISSION IDENTIFICATION 
INFORMATION 


All automatic transmissions have a metal identi- 
fication nameplate attached to the case exterior. The 
location of this name plate is shown in Figure 1. The 
information on the nameplate will assist in the servic- 
ing and determination of replacement parts when 
ordered through a GM Parts Catalog. 


Additional Transmission identification is pro- 
vided on the Service: Parts Identification Label as 
shown in Figure 2. This label contains information on 
the regular production options (RPO) as well as stan- 
dard and mandatory options. This label is affixed to 
the inside of each vehicle at the assembly plant. Refer 
to SECTION OA of this Service Manual for label loca- 
tion and information. 


TRANSMISSION DEFINITIONS 


The following definitions are being provided to 
establish a common language and assist the user In 
describing transmission related conditions. Some of 
these terms or conditions are used in the transmission 
sections of this Service Manual. 


TRANSMISSION I.D. 
NAMEPLATE 
LOCATION 


Preliminary Checking Procedure ...........-...++- 7 -2 
Noise and Vibration Analysis................---seee. 7 -3 
Transmission Fluid Level 

ISRO a keesnmeic eecesas cetaceans eka ieiiae 7 -3 
Transmission Fluid Level 

Checking Procedure .cscscscesswasensseensasenntwevins 7 -3 


Throttle Positions 


@ Minimum Throttle — the least amount of 
throttle opening required for an upshift. 


e Light Throttle — approximately 1/4 of 
accelerator pedal travel. 


@ Medium Throttle — approximately 1/2 of 
accelerator pedal travel. 


e@ Heavy Throttle — ata ed 3/4 of the 
accelerator pedal travel. 


e Wide Open Throttle (WOT) — full travel of 
the accelerator pedal. 


e@ Full Throttle Detent Downshift — a quick 
apply of the accelerator pedal to its full travel, 
forcing a downshift. 


e Zero Throttle Coastdown — a full release of 
the accelerator pedal while the vehicle is in 
motion and in drive range. 


e Engine Braking — a condition where the 
engine is used to slow the vehicle by manually 
downshifting during a zero throttle coastdown. 


STRASBOURG DIVISION 
GENERAL MOTORS 
MADE IN FRANCE 


TRANSMISSION 
SERIAL NUMBER 


HYDRA-MATIC 3L30 TRANSMISSION I.D. NAMEPLATE 


STRASBOURG, FRANCE 


LHOO001-3L30 


Figure 1 Transmission Identification Information 
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— INDICATES TRANSMISSION 


TYPE IN OPTION LIST. (SPECIFIC 
MODEL CODE IS FOUND ON THE 


TRANSMISSION NAMEPLATE) 
MD2—DESIGNATES HYDRA-MATIC 3L30 


MX — DESIGNATES 
AUTOMATIC TRANSMISSION 


SERVICE PARTS IDENTIFICATION ay DO NOT REMOVE 


1TG3AR47YXE510(0 


C90 C95 DF3 D3C D33 DBE 
JA1 JA4 KOS K22 K99 LV2 


D FFL F40 GG1 GW9 G60 GU2 G89 
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Figure 2 Service Parts Identification Label 


Shift Conditions 


Bump — a sudden and forceful apply of a clutch 
or band. 


Chuggle — a bucking or jerking condition that 
may be engine related. May be most noticeable 
when the converter clutch is engaged. Similar to 
the feel of towing a trailer. 


Delayed — a condition where a shift is expected 
but does not occur for a period of time. Samples 
of this condition could be described as clutch or 
band ge ay does not occur as quickly as 
expected during a part throttle or wide open 
throttle apply of the accelerator or, when 
manually downshifting to a lower range. 


Also defined as “LATE” or, “EXTENDED.” 


Double Bump (“Double Feel’) — two sudden 
and forceful applies of a clutch or band. 


Early — a condition where the shift occurs 
before the vehicle has reached a proper speed 
and tends to labor the engine after the upshift. 


End Bump — a firmer feel at the end of a shift 
as compared to the feel at the start of the shift. 
Also defined as “END FEEL” or, “SLIP 
BUMP.” 


Firm — a noticeable “le apply of a clutch or 
band that is considered normal with a medium 
to heavy throttle shift. Should not be confused 
with “HARSH” or “ROUGH.” 

Flare — a quick increase in engine rpm 
accompanied with a momentary loss of torque. 
This most generally occurs during a shift. Also 
defined as “SLIPPING.” 

Harsh (“Rough”) — a more noticeable apply of 
a fect or band as compared to “FIRM. This 
condition is considered undesirable at any 
throttle position. 


Initial Feel — a distinct firmer feel at that start 
of a shift as compared to the finish of the shift. 


Late — a shift that occurs when the engine is at a 
higher than normal rpm for a given amount of 
throttle. 


Shudder — a repeating jerking sensation similar 
to “CHUGGLE” but more severe and rapid in 
nature. This condition she be most noticeable 
during certain ranges of vehicle speed. May also 
be used to define the condition after converter 
clutch engagement. 


Slipping — a noticeable increase in engine rpm 
without a vehicle speed increase. A slip usually 
occurs during or after initial clutch or band 
engagement. 


Soft — a slow, almost unnoticeable clutch apply 
with very little shift feel. 


Surge — a repeating engine related feeling of 
acceleration and deceleration that is less intense 
than “CHUGGLE.” 


Tie-Up — a condition where two opposing 
clutches are attempting to apply at the same time 
causing the engine to labor with a noticeable loss 
of engine rpm. 


Noise Conditions 


Gear Noise — a whine, most noticeable in first 
gear and reverse that is related to vehicle speed. 
A gear noise condition may become less 
noticeable or go away after an upshift. 


Pump Noise — a high pitched whine that 
increases in intensity with engine rpm. This 
condition may also be noticeable in PARK and 
NEUTRAL operating ranges with the vehicle 
stationary. 


PRELIMINARY CHECKING PROCEDURE 


The condition of an automatic transmission not 


operating properly may be influenced by one, or a 
combination of the following items. 


Fluid level high/low. 

Engine performance. 

(Refer to Sections 6 and 6E) 

T.V. cable adjustment. 

Manual linkage adjustment. 

Internal fluid leaks. 

(Refer to Transmission Unit Repair section) 
Electrical system. 

(Refer to Section 6E and 8A) 
Transmission or other mechanical component. 
(Refer to Transmission Unit Repair section) 


Vacuum modulator. 


i to appropriate Hydraulic Diagnosis 
ection) 
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NOISE AND VIBRATION ANALYSIS 


A noise or vibration that is noticeable when the 
vehicle is in motion, MAY NOT be the result of the 
transmission. 


If noise or vibration is noticeable in “Park” (P) 
and “Neutral” (N) with engine at idle, but is less no- 
ticeable as rpm’s increase, the cause may be from 
poor engine performance. 


Inspect 
@ Tires for: 


— Uneven wear. 
— Imbalance. 
— Mixed sizes. 
— Mixed radial and bias ply 
(Refer to Section 3E). 
@ Suspension components for: 


— Alignment and wear. 
— Loose fasteners 
(Refer to Section 3C). 


@ Engine/Transmission mounts for: 


— Damage. 
— Loose bolts. 


@ Transmission case mounting holes for: 


— Missing bolts, nuts, studs. 
— Stripped threads. 
— Cracks. 


@ Flexplate for: 


— Missing or loose bolts. 
— Cracks. 
— Imbalance 

(Refer to Section 6A). 


@ Torque converter for: 


— Missing or loose bolts or lugs. 
— Missing or loose balance weights. 
— Imbalance. 


TRANSMISSION FLUID LEVEL INFORMATION 


Checking fluid level, color and condition at reg- 
ular intervals will provide early diagnosis information 
about the transmission. This information may then be 
used to correct a condition that, if not detected early, 
could result in major transmission repairs. 

When adding or changing fluid, use onl 
Dexron® IIE ireneeniientin fluid. Refer to MAINTE- 
NANCE AND LUBRICATION (SECTION OB) for 
maintenance information and servicing intervals. 


NOTICE: Do not overfill. Overfilling will 
cause foaming, loss of fluid and possible damage 
to the transmission. 


@ Fluid level should only be checked when it 
reaches a normal operating temperature of 82° to 
93°C Nea to 200°F). This temperature is 
reached after approximately 24 km (15 miles) of 
driving. 


@ Fluid color will be red when new. 


NOTICE: When new, automatic transmission 
fluid is red in color. The red dye is added so the 
assembly plant can brag a it as transmission 
fluid and distinguish it from engine oil or 
anti-freeze. The red dye is not an indicator of 
fluid quality and is not permanent. As the vehicle 
is driven the transmission fluid will begin to look 
darker in color. The color may eventually appear 
light brown. 


@ Inaccurate fluid level readings will result if the 
fluid is checked immediately after the vehicle 
has been operated under certain conditions. 


— In high ambient temperature above 32°C 
(90°F). 

— At sustained high speeds. 

— In heavy city traffic during hot weather. 

— Asa towing vehicle. 

— In commercial service (taxi or police use). 


TRANSMISSION FLUID LEVEL CHECKING 
PROCEDURE 


Figure 3 


1. Start engine and drive vehicle for a minimum of 
24 km (15 miles), or until normal operating 
temperature is reached. 


NOTICE: The automatic transmission fluid 
level must be checked with the vehicle at normal 
operating temperature, 82° to 93°C (180° to 
20°F). emperature will greatly affect transmis- 
sion fluid level. If the vehicle is not at normal 
operating temperature and the proper checking 
rocedures are not followed, the result could be a 
alse reading of the fluid level indicator and an 
incorrect adjustment of the fluid level. 


2. Park vehicle on level ground. 

3. Move gear selector to “PARK.” 

4. Apply parking brake and block wheels. 

5. Let vehicle idle for 3 minutes with accessories 
off. 

6. Check fluid level, color and condition. 
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CHECK FLUID COLOR 
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DIAGNOSIS” 
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TRANSMISSION 
OVERHAUL REQUIRED 
(REFER TO “‘UNIT 
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(REFER TO TRANSMISSION 
DIAGNOSIS SECTION) 


NOTICE: TRANSMISSION 
FLUID MAY TURN DARK 
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INDICATE CONTAMINATION 
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LARGE PIECES OF 

METAL OR OTHER 

MATERIAL IN THE 
BOTTOM PAN 
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ADD NEW FLUID 
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Figure 3 Checking Fluid Color, Level and Condition 
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SECTION 7A 


3L30 (THM 180/180C) 
AUTOMATIC TRANSMISSION 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 
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SECTION/HYDRA-MATIC 3L30 


AUTOMATIC TRANSMISSION DIAGNOSIS 
RPO MD2 


[y] Important 


Beginning January 16, 1990, all 3L30 transmissions beginning with serial number 3 444 310 are produced 
using a new planetary assembly, ring gear, input sun assembly, drum assembly together with a new main 


case assembly. These parts are not interchangeable. 


GENERAL DESCRIPTION 


The HYDRA-MATIC 3L30 is a fully automatic 
transmission for rear wheel drive vehicles which pro- 
vides three forward gear ranges and a reverse. SEE 
FIGURE 1. 


The major components of this transmission are: 


@ Torque Converter Clutch Asm. 
Gear Type Oil Pump 

Low Band Asm. 

Three Multiple Disc Clutches 
Planetary Gear Set 

One Sprag Clutch 

@ Valve Body Asm. 


The oil pressure and shift points are controlled 
by a vacuum modulator that senses engine torque as a 
relation to engine vacuum. 


The transmission can be operated in any one of 
six different modes. 


P — Park position prevents the vehicle from 
rolling either forward or backward. (For safety 
reasons the parking brake should be used in 
addition to the park position). 

R — Reverse allows the vehicle to be operated 
in a rearward direction. 

N — Neutral allows the engine to be started and 
operated without driving the vehicle. If 
necessary this  psgonee may be selected if the 
engine must be restarted with the vehicle 
moving. 

D — Drive is used for all normal driving 
conditions. It provides three gear ratios plus 
converter clutch operation. Downshifts are 
available for safe passing by depressing the 
accelerator. 

2 — Manual second is used to provide 
acceleration and engine braking. This range 
may be selected at any vehicle speed. 


1 — Manual Lo is used to provide maximum 
engine braking. This range may also be selected 
at any vehicle speed. 


DIAGNOSIS INFORMATION 
ROAD TEST PROCEDURE 


@ Perform the road test following the sequence 
given 

@ Mph (km/h) shift points will vary with actual 
throttle position and driver habits 


@ Compare the results of the test with speed shift 
chart information. Use these results with the 
diagnosis information in this Hydraulic 
Diagnosis Section to evaluate the transmission. 


@ This test should only be performed when 
traffic and road conditions permit 


@ Observe all traffic safety regulations 


Drive And Reverse Engagement 
1. Start engine 
2. Depress brake pedal 
3. Move gear selector: 
@ “Park” (P) to “Reverse” (R) 
e oo (R) to “Neutral” (N) to “Drive” 
) 


Gear selections should be immediate and 
not harsh. 
Upshifts and Torque Converter Clutch (TCC) 
Apply 
With gear selector in “Drive” (D) 


1. Accelerate using a steady increasing throttle 
pressure 
2. Note gear engagements for: 
@ 2nd gear 
@ 3rd gear 


3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 7A-3 


CONVERTER 
HOUSING 


CONVERTER CLUTCH 
TORQUE CONVERTER 


ae 


SECOND 
CLUTCH 
OIL PUMP 
THIRD 


CASE CLUTCH 


REVERSE 
CLUTCH 
PISTON 


ASSEMBLY 


CONTROL 


MANUAL VALVE VALVE 
D LINK ASSEMBLY 


INSIDE RANGE SELECTOR 
AND ACTUATOR ROD 


INPUT 
SUN GEAR 


HYDRA-MATIC 3L30 


PLANETARY 
GEAR SET 


REACTION SUN GEAR 
DRUM ASSEMBLY EXTENSION 


HOUSING 


LOW . 


BAND GOVERNOR 


ASSEMBLY 


GOVERNOR SPEEDOMETER 
DRIVE GEAR 


PARKING 
PAWL 


PARK LOCK 
SERVO ACTUATOR 


COVER 


REACTION 
SUN GEAR 


LHO004-3L30 


Figure 1 Hydra-Matic 3L30 Transmission 


3. Note TCC apply. This should occur while in 
third gear. if the apply is not noticed, refer to 
the Preliminary Torque Converter Clutch 
Diagnosis information contained in this section 
of the Service Manual. 


[T] Important 


@ The torque converter clutch will not 
engage if engine coolant has not reached a 
minimum operating temperature of 
approximately 54°C (130°F). 


Part Throttle Detent Downshift 
At vehicle speeds of 40-55 mph (64-88 km/h) 
quickly depress the accelerator to a half open position 
and observe: 
e@ TCC releases 


e@ Transmission downshifts to ond gear 
immediately 


Full Throttle Detent Downshift 


At vehicle speeds of 40-55 mph (64-88 km/h) 
quickly depress the accelerator to a wide open 
position and observe: 

e TCC releases 


@ Transmission downshifts to 2nd gear 
immediately 


Manual Downshift 


1. At vehicle speeds of 40-55 mph (64 to 88 km/h) 
release the accelerator pedal while moving the 
gear selector to “Second” (2) gear and observe: 


@ TCC releases 


e@ Transmission downshifts to 2nd gear 
immediately 


@ Engine slows vehicle down 
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2. Move gear selector to “Drive” (D) and 
accelerate to 25 mph (40 km+h). Release the 
accelerator pedal while moving the gear selector 
to “First” (1) gear and observe: 


@ TCC releases 


@ Transmission downshifts to lst gear 
immediately 


@ Engine slows vehicle down 


Coastdown Downshift 


1. With the gear selector in “Drive” (D) accelerate 
to 3rd gear with TCC applied. 


2. Release the accelerator pedal and lightly apply 
the brakes to observe: 


@ TCC release 
@ Shift points for downshifts 
Manual Gear Range Selection 
Manual Second (2) 


1.With vehicle stopped, place gear selector 
in “Second” (2) and accelerate to observe: 


@ The first to second gear shift 


2.Accelerate to 25 mph (40 km/h) and 
observe: 


@ That a second to third gear shift does 
not occur 


@ That TCC does not engage 


PRESSURE TAP CAN BE MADE ACCESSIBLE BY: 


. Provide proper transmission support. 


. Remove rear transmission crossmember side bolts. 


. Lower transmission enough to remove pressure tap plug 
which is located on the left side of the transmission. 


NOTE: ON REPLACING PLUG, TORQUE TO 
8 N-m (6 LB.-FT.) 


4. After pressure gage and hose is installed, replace rear 
crossmember and side bolts and proceed with pressure 
checking procedure. 


NOTE: PRESSURES ARE OFF OF THE SERVO APPLY. 


CAR COASTING @ 30 MPH; | ZERO OUTPUT SHAFT SPEED; 

VACUUM LINE CONNECTED; | VACUUM LINE DISC FROM 

FOOT OFF THROTTLE THE MOD; ENGINE RPM AT 
1500 


MIN. PSI MAX. PSI 


Manual First (1) 


1.With vehicle stopped, place gear selector 
in “First” (1), accelerate to 15 mph 
(24 km/h) and observe: 


@ That no upshift occurs 
@ That TCC does not engage 
Reverse 


1.With vehicle stopped, place gear selector 
in “Reverse” (R) and slowly accelerate to 
observe reverse gear operation. 


[2] Important 


@ All possible throttle positions and 
corresponding mph shift point 
information has not been provided. 


TRANSMISSION PRESSURE CHECK 
PROCEDURE 


Figure 2 
Inspect 
@ Fluid level 


@ Vacuum modulator and vacuum supply, engine 
mechanical, emissions, electrical and fuel 
delivery systems. Refer to ENGINES (SEC. 6). 


@ Manual linkage 


1 SERVO APPLY PLUG LOCATION 
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Figure 2 Oil Pressure Check Procedure 
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Applied 
Applied 
Released 


Sr 


KKK 
\ 


ep aS 
WIN | 
OUTPUT 


N 
We 
THIRD LOW 


EAR 
CLUTCH BAND 


DRUM 


REACTION 
SUN GEAR 


SPRAG 


Locked 

Locked 

Locked 
Overrunning 


Released 
Applied 
Applied 
Applied 
Applied 

Released 


Released 
Released 
Applied 
Released 
Released 
Applied 
Applied 


Overrunning 
Locked 
Locked 

LHOO06-3L30 


Released 


Figure 3 Clutch Application Chart 


iz Install or Connect 
® Oil pressure gage 
@ Tachometer 
@ Hand operated vacuum pump 
@ Plug vacuum supply line to modulator 


TORQUE CONVERTER CLUTCH (TCC) 
DIAGNOSIS 


To properly diagnose the Torque Converter 
Clutch (TCC) system, perform all electrical testing 
first and then the hydraulic testing. Refer to Torque 
Converter Section 6E2-C8 for additional information. 


The TCC is applied by fluid pressure which is 
controlled by a solenoid located inside the Automatic 
Transmission assembly. The solenoid is energized or 
released by making or breaking an electrical circuit 
through a combination of switches and sensors. 


TCC Electrical Diagnosis 


@ For electrical diagnosis of TCC, refer to the 
specific vehicle section in Section 8A, Electrical 
Diagnosis. 

For diagnosis of emission control related 
components of TCC, refer to the specific section 
of 6E, Driveability and Emissions. 

For the diagnosis of TCC Hydraulic Controls, 
refer to the Procedure and Wiring Diagrams 
provided in this section. 


Functional Check Procedure 


l. 
Pe 


Install a tachometer 


Operate the vehicle until proper operating 
temperature is reached 

Drive vehicle at 50-55 mph (80-88 km/h) with 
light throttle (road load) 

Maintaining throttle lightly touch the brake 
pedal and check for a slight bump when the 
TCC releases and a slight increase in engine 
rpm. 

Release the brake, slowly accelerate and check 
for a re-apply of the converter clutch and a slight 
decrease in engine rpm. 


Preliminary Checking Procedure 


dure 


The purpose of the preliminary checking proce- 
is to isolate external (electrical) problems from 


internal (electrical or mechanical) ones. 


Important 


Use only a scale type ohmmeter. High 
impedance type ohmmeters and those with a 
digital readout will not work. 


An ALDL scanner may be used to verify the 
electrical circuit. Remember, a completed circuit 
does not indicate that the solenoid will apply. 


Do not bench test using an automoti 
battery. Accidentally crossed wires will danas 
the internal diodes of the TCC solenoid. 


7A-6 3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 


External Controls 


@ Connect voltmeter between transmission 
connector and ground. 


@ Tum key “ON” 


@ If “0” or low voltage is found, refer to Sections 
6E and 8A for electrical diagnosis. 


@ If 12 volts are present at the connector, refer to 
the TCC hydraulic diagnosis. 


TORQUE CONVERTER EVALUATION 


Torque Converter Stator 


The Torque Converter Stator roller clutch can 
have one of two different type malfunctions: 


A. Stator Assembly freewheels in both 
directions. 


B. Stator Assembly remains locked up at all 
times. 


Condition A-Poor Acceleration Low Speed 


The vehicle tends to have poor acceleration 
from a standstill. At speeds above 30-35 MPH 
(50-55 km/h), the car may act normal. If poor acceler- 
ation is noted, it should first be determined that the 
exhaust system is not blocked, the engine timing is 
correct and the transmission is in first (1st) gear when 
Starting out. 


If the engine freely accelerates to high rpm in 
“Neutral” (N), it can be assumed that the engine and 
exhaust system are normal. Checking for poor perfor- 
mance in “Drive” (D) and “Reverse” (R) will help 
determine if the stator is freewheeling at all times. 


Condition B-Poor Acceleration High Speed 


Engine rpm and car speed limited or restricted at 
high speeds. Performance when accelerating from a 
standstill is normal. Engine may over-heat. Visual 
examination of the converter may reveal a blue color 
from over-heating. 


If the converter has been removed, the stator 
roller clutch can be checked by inserting a finger into 
the splined inner race of the roller clutch and trying to 
turn the race in both directions. The inner race should 
turn freely clockwise, but not turn or be very difficult 
to turn counterclockwise. 


The Converter Should Be Replaced If: 


@ Leaks externally, such as at the hub weld area. 


@ Converter has an imbalance which cannot be 
corrected. (Refer to Converter Vibration Test 
Procedure). 


@ Converter is contaminated with engine coolant 
containing antifreeze. 


The Converter Should Not Be Replaced If: 


@ The oil has an odor, is discolored, and there is no 
evidence of metal or clutch facing particles. 


@ The threads in one or more of the three converter 
bolt holes are damaged. 


@ Correct with thread insert. (Refer to 
Section 6A) 


3L30 (THM 180/1 80C) AUTOMATIC TRANSMISSION 7A-7 


INSPECT COMPONENT 


Filler Tube Seal Ring 


CONDITION 


LOW FLUID LEVEL 


FLUID COMING OUT OF 
FILLER TUBE 


EXTERNAL TORQUE 


CONVERTER LEAKS 


LOW OIL PRESSURE 


HIGH OIL PRESSURE 


Case (101) 

Shifter Shaft Seal (142) 
Extension Seal (125) 

Oil Pan Gasket (170) 
Extension To Case Gasket (126) 


Vacuum Modulator Seal Ring 
(117) 


Drain Plug Gasket (174) 
Cooler Line Fittings (104) 
Detent Cable Seal Ring 

Line Pressure Gage Connection 
Electrical Connector Seal 


Vacuum Modulator (118) 


Fluid Level 
Transmission Fluid 
External Vent (185) 


Oil Pump Suction Circuit 


Torque Converter (201) 
Converter Housing Seal (204) 


Converter Housing To Case Seal 
(223), (207) 


Attaching Bolts (202), (203) 


Fluid Level 

Suction Screen (154) 
Pressure Regulator Valve (216) 
Valve Body Sealing Ball 

Oil Pump Suction Circuit 


Oil Pressure Circuit 


Modulator Vacuum Line 
Vacuum Modulator (118) 


Engine Or Accessory 
Vacuum System 


Pressure Regulator Valve (216) - 


FOR CAUSE 


High. 

Coolant contamination. 
Clogged with mud. 
Leak. 


Leak. 


Loose. 


Low. 
Clogged. 
Malfunction. 
Dropped out. 
Leak. 


Leaky or interrupted. 
Failure. 


Leak. 


Malfunction. 


ALL ILLUSTRATION NUMBERS REFER TO HYDRA-MATIC 3L30 UNIT REPAIR SECTION 


Figure 4 Diagnosis Chart A 


LHO007-3L30 


7A-8 3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 


CONDITION 


INSPECT COMPONENT FOR CAUSE 


EXCESSIVE EXHAUST 
SMOKE 


Vacuum Modulator (118) Failure. 


Transmission — Leak on hot exhaust pipe. 


NO CONVERTER CLUTCH 
APPLY 


Transmission Electrical 
Circuit 


— Improper voltage supply. 

— Improper ground path. 

— Defective connector, wiring harness, pressure 
switch or solenoid. 


Converter Clutch Apply Valve 
(217) 


Solenoid ‘’O’’ Ring 


Sticking. 


Cut or leaking. 


Turbine Shaft ‘‘O’’ Ring (318) 


Oil Pump Wear Plate Or 
Gasket (207), (208) 


Mispositioned. 


Oil Pump To Converter 
Housing Bolts (202) 


High or uneven torque. 


CONVERTER SHUDDER 
OR NO CONVERTER 
CLUTCH APPLY 


© Converter Clutch Apply 
Valve (217) 


— Sticking. 


e Converter Clutch Apply 
Passage 


— Restricted. 


Oil Pressure Low. 


Engine Mechanical, Emis- 
sions, Electrical & Fuel 
Delivery Systems 


— Improper operation. 


Turbine Shaft ‘’O’’ Ring (318) Cut or leaking. 


NO STARTING IN ANY 
DRIVE RANGE 


Fluid Level — Low. 


Suction Screen — Clogged. 


Manual Valve Linkage (139) Or 
Inner Transmission Selector 
Lever (140) 


— Disconnected. 


Input Shaft (319) — Broken. 


Pressure Regulator Valve (216) Stuck in open position. 


Oil Pump (222) — Failure. 


STARTS IN DRIVE RANGE 
ONLY AFTER REPEATED 
MOVEMENT OF SELECTOR 
LEVER 


Selector Lever Shaft 
Retaining Pin (143) 


Dropped out. 


Connecting Rod To Manual 
Valve (139) 


— Shifting. 


Selector Lever Shaft Nut (144) Loose. 


NO STARTING AFTER ¢ Parking Pawl (122) — Does not disengage. 
SHIFTING LEVER FROM ‘‘P’’ 
TO “eptt, Ls By La OR oe) Oy tate 


ALL ILLUSTRATION NUMBERS REFER TO HYDRA-MATIC 3L30 UNIT REPAIR SECTION 
LH0008-3L30 


Figure 5 Diagnosis Chart B 


3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 7A-9 


SSS 


CONDITION 


SUDDEN STARTING ONLY 
AFTER ENGINE RPM 
INCREASE 


HEAVY JERKING WHEN 
STARTING 


NO STARTING IN ‘‘D’’ OR 
“L2", BUT IN ‘‘L1°’ 
and “RR! 


NO STARTING IN ‘’D",, “’L2"’ 
OR “’L1", BUT IN “’R’’ 


NO STARTING IN ‘’R’, BUT 
IN ALL OTHER RANGES 


STARTING IN SELECTOR 
LEVER POSITION ‘‘N’’ 


NO 1-2 UPSHIFT IN ‘’D’’ 
AND ‘‘L2’’ (Remains In 1st 
Gear At All Speeds) 


NO 2-3 UPSHIFTS IN ‘’D”’ 
(Remains In 2nd Gear At 
All Speeds) 


UPSHIFTS IN ‘’D’’ AND 
“L2" AT FULL THROTTLE 
ONLY 


INSPECT COMPONENT 


Band Servo Piston (162) 
Fluid Level 

Oil Pump (222) 

Oil Screen (154) 

Valve Body Sealing Ball 


Oil Pressure 
Modulator Valve (118) 
Pressure Regulator Valve (216) 


Valve Body Sealing Ball 


Input Sprag (333) 


Band (404) 
Parking Pawl (122) 
Band Servo Piston (162) 


Band Servo 


Reverse Clutch 


Selector Lever Linkage (139) 
Planetary Gear Set (338) 
Band (404) 


Governor Valves (413), (415) 
1-2 Shift Valve (516) 


Oil Pump Hub Seal Rings (225) 


Governor Pressure Circuit 


Governor Screen (409) 


2-3 Shift Valve (519) 


Governor Pressure Circuit 


Vacuum Modulator (118) 
Modulator Vacuum Line 


Engine Or Accessory 
Vacuum System 


© Detent Valve Or Cable (527) 


FOR CAUSE 


Jamming. 
Low. 
Defective. 
Missing. 


Dropped out. 


Low. 

Wrong part. 
Stuck. 
Dropped out. 


Failure. 
Installed backwards. 


Worn. 
Does not disengage. 
Jamming. 


Excessive leakage. 


Failure. 


Improper. 
Broken. 


Improper adjustment. 


Stuck. 
Stuck in 1st gear position. 


Leak. 


Clogged. 


Stuck. 
Leak. 


Failure. 
Leaky or interrupted. 


Leak. 


Stuck. 


ALL ILLUSTRATION NUMBERS REFER TO HYDRA-MATIC 3L30 UNIT REPAIR SECTION 


Figure 6 Diagnosis Chart C 


LHO009-3L30 


7A-10 3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 


CONDITION 


INSPECT COMPONENT FOR CAUSE 


UPSHIFTS IN “‘D’’ AND 
“L2'" AT PART THROTTLE 
ONLY 


Detent Pressure Regulator — Stuck. 


Valve (527) 


Detent Cable — Broken or misadjusted. 


DRIVING ONLY IN 1ST 
GEAR OF ’‘D’’ AND “‘L2" 
RANGE (Transmission Blocks 
In 2nd Gear And ‘’R’’) 


“Li” & "‘R” Control Valve 
(512), (513) 


— Stuck in ‘‘L1’’ or ‘‘R’’ position. 


NO PART THROTTLE 3-2 
DOWNSHIFT AT LOW 
VEHICLE SPEEDS 


3-2 Downshift Control Valve 
(524) 


NO FORCED DOWNSHIFT Detent Cable 


Broken or improperly adjusted. 


Detent Pressure Regulator 
Valve (527) 


— Stuck. 


AFTER FULL THROTTLE 
UPSHIFT, TRANSMISSION 

SHIFTS IMMEDIATELY INTO 
LOWER GEAR UPON EASING 
OFF ACCELERATOR PEDAL 


Detent Valve (527) Stuck in open position. 


Detent Cable — Stuck. 


Modulator Vacuum Line — Interrupted. 


TRANSMISSION SHIFTS 
INTO LOWER GEAR AT 
HIGHER SPEEDS 


Selector Lever Shaft 


Dropped out. 
Retaining Pin (143) 


© Selector Lever Linkage To 
Manual Valve (139) 


— Loose connection. 


HARD DISENGAGEMENT OF 
SELECTOR LEVER FROM 
““P’’ POSITION 


Parking Pawl Actuating Rod 
(123) 


Steel guide bushing missing. 


Manual Selector Lever (140) — Stuck. 


SLIPPING 1-2 UPSHIFTS 
(Engine Flare) 


Oil Pressure — Low. 


Valve Body Sealing Ball Dropped out. 


Leak. 


2nd Clutch Piston Seals 
(304), (305) 


2nd Clutch Piston 
Centrifugal Ball 


2nd Clutch Piston (306) 


2nd Clutch Plates (311), 
(312), (313) 


Oil Pump Hub Seal Rings (225) 


Stuck open. 


Cracked or broken. 


Worn. 


— Leak. 


SLIPPING 2-3 UPSHIFTS © Oil Pressure — Low. 
(Engine Flare) ; 
© Band (404) — Loose adjustment. 


Valve Body Sealing Ball Dropped out. 


ALL ILLUSTRATION NUMBERS REFER TO HYDRA-MATIC 3L30 UNIT REPAIR SECTION aah 
LH0010- 


Figure 7 Diagnosis Chart D 


3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 7A-11 


CONDITION 


SLIPPING 2-3 UPSHIFTS 
(Engine Flare) (Cont.) 


ABRUPT 1-2 UPSHIFT 


ABRUPT 2-3 UPSHIFT 


ABRUPT 3-2 DETENT DOWN- 
SHIFT AT HIGH SPEED 


ABRUPT 3-2 COAST 
DOWNSHIFT 


HIGH SPEED FORCED 
DOWNSHIFT FLARE 


LOW SPEED FORCED 
DOWNSHIFT FLARE 


NO ENGINE BRAKING IN 
“L1"" RANGE 


NO ENGINE BRAKING IN 
“L2'' RANGE 


INSPECT COMPONENT 


3rd Clutch Piston Seals 
(320), (321) 


3rd Clutch Piston Centrifugal 
Ball 


3rd Clutch Piston (322) 
Input Shaft Bushing 


Oil Pressure 
1-2 Accumulator Valve (504) 


2nd Clutch Spring Cushion 
(229) 


2nd Gear Ball Valve 


Oil Pressure 


Band (404) 


High Speed Downshift Valve 
(507) 


Band (404) 


Low Speed Downshift Timing 
Valve (509) 


Oil Pressure 


Band (404) 


Oil Pressure 
Band (404) 


High Speed Downshift Timing 
Valve (507) 


Sprag Race (336) 


Selector Lever Linkage (139) 


Manual Low Control Valve 
(512) 


Selector Lever Linkage (139) 


FOR CAUSE 


Leak. 


Dropped out. 


Cracked or broken. 


Worn. 


High. 
Stuck. 


Broken. 


Missing. 


High. 


Incorrect adjustment. 


Stuck open. 


Incorrect adjustment. 


Stuck open. 


Low. 


Loose adjustment. 


Low. 
Loose adjustment. 


Stuck closed. 


Does not grip on 3-1 downshift. 


Improper adjustment. 


Stuck. 


Improper adjustment. 


ALL ILLUSTRATION NUMBERS REFER TO HYDRA-MATIC 3L30 UNIT REPAIR SECTION 


Figure 8 Diagnosis Chart E 


LH0011-3L30 


7A-12 3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 


CONDITION INSPECT COMPONENT FOR CAUSE 


NO PARK Selector Lever Linkage (139) Improper adjustment. 


Parking Lock Actuator Spring Failure. 
(121) 


Parking Pawl (122) 
Governor Hub (408) 


NOISE IN ALL DRIVE Sun Gear To Planetary Gears Excessive backlash. 
RANGES 
Planetary Carrier Lock Plate Loose. 


Thrust Bearing Defective. 
Bearing Bushings Worn. 
Transmission Axial Play Excessive. 


Governor Hub Parking Pawl Unhooked. 
Spring Contacts 


Converter Balancing Weights Loose. 


Converter Housing Attaching Loose/contacting converter. 
Bolt (203) 


SCREECHING WHEN Converter (201) Failure. 
STARTING 


SHORT, VIBRATING HISS Reverse Clutch Damping Worn into transmission case. 
SHORTLY BEFORE 1-2 Cushion 
UPSHIFT 


Oil Filter & Gasket (153), Improper installation. 
(154) 


EXCESSIVE IRON DUST Oil Pump (222) 


PICKED UP BY OIL PAN 
MAGNET Governor Hub (408) 


2nd Clutch Hub 


EXCESSIVE ALUMINUM Case Thrust Face 
DUST IN OIL PAN (Cannot 
Be Picked Up By Magnet) Case Rear Bore 


Stator Thrust Washer Improper converter end clearance. 


ALL ILLUSTRATION NUMBERS REFER TO HYDRA-MATIC 3L30 UNIT REPAIR SECTION LH0052-3L30 


Figure 9 Diagnosis Chart F 


3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 7A-13 


BLANK 


7A-14 3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 


PARK AND NEUTRAL—ENGINE RUNNING 


MAINLINE PRESSURE 
MODULATOR PRESSURE 
GOVERNOR PRESSURE 

DETENT REGULATED PRESSURE 
1-2 ACCUMULATOR PRESSURE 
PUMP SUCTION 

CONVERTER OR LUBE 
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Figure 10 Neutral and Park — Engine Running 


3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 7A-15 


PARK AND NEUTRAL—ENGINE RUNNING 


REVERSE CLUTCH — RELEASED THIRD CLUTCH — RELEASED 
SECOND CLUTCH — RELEASED LOW BAND — RELEASED 


SPRAG — LOCKED 


Whenever the engine is running with the selector in Neutral, oil is pulled from the sump into the oil 
pump and is dispensed from the pump under pressure. Line oil is directed to the vacuum modulator 
valve, to the pressure regulator valve and to the manual valve. The converter is fed through the pressure 
regulator valve, the return oil from the converter being directed through the cooler and back into the 
transmission’s lubricating system. 


Line oil directed to the vacuum modulator valve becomes regulated to modulator oil and acts on the 
pressure regulator boost valve, the low speed downshift timing valve, the 1-2 accumulator valve, and 
the detent valve. The modulator oil passes through the detent valve to act on the 1-2 shift control 
valve, the 3-2 control valve and the 2-3 shift control valve. Line oil passes through the manual valve, 
and is regulated at the detent pressure regulator valve before being directed to the Reverse and Low 


control valve. 


SUMMARY 


The converter is filled, the clutches and low bands are released. The transmission is in Neutral. 


LHOO12-3L30 


Figure 11 Neutral and Park — Engine Running 


7A-16 3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 


DRIVE RANGE—FIRST GEAR 


MAINLINE PRESSURE 
MODULATOR PRESSURE 
GOVERNOR PRESSURE 

DETENT REGULATED PRESSURE 
1-2 ACCUMULATOR PRESSURE 
PUMP SUCTION 

CONVERTER OR LUBE 
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Figure 12 Drive Range — First Gear 


3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 7A-17 


DRIVE RANGE— FIRST GEAR 


REVERSE CLUTCH — RELEASED THIRD CLUTCH — RELEASED 
SECOND CLUTCH — RELEASED i LOW BAND — APPLIED 


SPRAG' — LOCKED 


When the selector lever is moved to the “Drive” position on the quadrant, the manual valve is posi- 
tioned to allow line oil to enter the drive circuit and is directed to the 1-2 shift valve, the governor, 
the 1-2 accumulator valve and the high speed downshift timing valve. 


The drive oil directed to the 1-2 accumulator valve is regulated and directed to fill the bottom portion 
of the accumulator. The drive oil also passes through an orifice at the high speed downshift timing 
valve and passes through the valve to apply the low band servo. 

Drive oil at the governor is regulated to a variable pressure which increases with vehicle speed and 


acts on the ends of the 1-2, 2-3 shift valves, high speed downshift timing valve, and the vacuum 
modulator valve. 


SUMMARY 


The clutches are off, the low band is applied, the transmission is in Drive Range — First Gear. 


LH0014-3L30 


Figure 13 Drive Range — First Gear 


7A-18 3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 


DRIVE RANGE—SECOND GEAR 


MAINLINE PRESSURE 
MODULATOR PRESSURE 
GOVERNOR PRESSURE 

DETENT REGULATED PRESSURE 
1-2 ACCUMULATOR PRESSURE 
PUMP SUCTION 

CONVERTER OR LUBE 
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Figure 14 Drive Range — Second Gear 


3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 7A-19 


DRIVE RANGE— SECOND GEAR 


REVERSE CLUTCH — RELEASED THIRD CLUTCH — RELEASED 


SECOND CLUTCH — APPLIED LOW BAND — APPLIED 


SPRAG — OVERRUNNING 


As the vehicle increases speed, the governor allows more drive oil to pass through, and this increased 
pressure, acting on the end of the 1-2 shift valve, overcomes the 1-2 shift valve spring pressure and 
allows drive oil to pass through the valve to feed the second clutch oil passages. 


Second clutch oil passes through the second clutch orifice control valve, and is metered to the 
second clutch piston to begin to apply the second clutch, while a portion of the oil is directed to the 
accumulator. As the upper portion of the accumulator fills with second clutch oil, it overcomes the 
lesser pressure of 1-2 accumulator oil and spring at the bottom of the accumulator piston, forcing 
the piston downward. The upper portion of the accumulator is now filled, allowing full oil pressure 
to the second clutch piston for the final apply. The accumulator, therefore, acts as a reservoir to 
produce a damping effect for a smooth second clutch apply and the 1-2 shift. 


Second clutch oil from the 1-2 shift valve is simultaneously directed to the 2-3 shift valve to be used 
as the oil source for the 2-3 shift. 


SUMMARY 


The second clutch is on, the band is on, the transmission is in Drive Range — Second Gear. 


LHOO16-3L30-R1 


Figure 15 Drive Range — Second Gear 


7A-20 3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 


DRIVE RANGE—THIRD GEAR 


MAINLINE PRESSURE 
MODULATOR PRESSURE 
GOVERNOR PRESSURE 

DETENT REGULATED PRESSURE 
1-2 ACCUMULATOR PRESSURE 
PUMP SUCTION 

CONVERTER OR LUBE 
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Figure 16 Drive Range — Third Gear 


3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 7A-21 


DRIVE RANGE— THIRD GEAR 


REVERSE CLUTCH — RELEASED THIRD CLUTCH — APPLIED 
SECOND CLUTCH — APPLIED LOW BAND — RELEASED 


SPRAG — LOCKED 


As vehicle speed increases, the governor allows more oil to pass through to act against the spring 
at the 2-3 shift valve. This allows the second clutch oil at the 2-3 shift valve to be released and pass 
through the valve as third clutch oil, directed to the third clutch piston to apply third clutch. At the 
same time, third clutch oil is directed to the 3-2 control valve, acting against the spring and modulator 
oil, cutting off modulator oil pressure to the 2-3 shift control valve. Third control oil also is directed 
to the Reverse and Low control valve and passes through the valve as servo release oil to the low 
speed downshift timing valve. The low speed downshift timing valve is held open against the spring 
by increased modulator oil pressure. The oil passes through the valve and is directed to the top of 
the low band servo, to act with the servo piston spring and force the servo piston downward, 
releasing the low band. 


Servo release oil is also directed from near the low reverse control valve through an orifice to the 
converter clutch control valve and the solenoid area. Oil will bleed out through the solenoid until the 
governor pressure (and vehicle speed) closes the governor switch. The solenoid is then energized to 
close the bleed and oil pressure can now move the converter clutch valve to apply the TCC. 


SUMMARY 


The second clutch is on, the third clutch is on, the band is released. The transmission is in Drive Range 
— Third Gear — as speed increases the TCC is applied. 
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Figure 17 Drive Range — Third Gear 


7A-22 3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 


MANUAL SECOND 


MAINLINE PRESSURE 
MODULATOR PRESSURE 
GOVERNOR PRESSURE 
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Figure 18 Manual Second 


3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 7A-23 


MANUAL SECOND 


REVERSE CLUTCH — RELEASED THIRD CLUTCH — RELEASED 
SECOND CLUTCH — APPLIED LOW BAND — APPLIED 


SPRAG — OVERRUNNING 


The selector lever is moved to the Intermediate position on the quadrant, the manual valve is 
positioned to allow drive oil and intermediate oil to pass through the valve. Intermediate oil is directed 
to the pressure regulator boost control cavity, seating the check ball at the reverse passage. Intermediate 
oil is then directed to the pressure regulator valve downward to increase the oil pressure in the circuit. 
At the same time, the intermediate oil from the manual valve is directed to the 2-3 shift valve train 
closing off the supply of third clutch oil in the circuit, which is exhausted through the reverse and 
low control valve. 


SUMMARY 


With third clutch oil exhausted, the third clutch is off, the second clutch is on, the low band servo 
is applied. The transmission is in Manual Second. 
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Figure 19 Manual Second 


7A-24 3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 


MANUAL FIRST 


MAINLINE PRESSURE 

_) MODULATOR PRESSURE 
GOVERNOR PRESSURE 
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1-2 ACCUMULATOR PRESSURE 
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CONVERTER OR LUBE 


Le | 
Bi 2istier cowrrou 12 SHIFT 


2:3 SHIFT CONTROL 2:3 SHIFT 
— 


fi 


DET. REG.OR 32 EX 


SERVO RELEASE 


ah r : 
(LOW SPEED | HIGH SPEEO 
t l 


RRRRROS Mo 
aac 


DET REG.OR I2EX HEE EE ES: 


— 
Gets 


a ee 


LH0023-3L30-R1 


Figure 20 Manual First 


3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 7A-25 


MANUAL FIRST 


REVERSE CLUTCH — RELEASED THIRD CLUTCH — APPLIED 
SECOND CLUTCH — RELEASED ~ LOW BAND — APPLIED 


SPRAG — LOCKED 


When the selector lever is moved to the Low position on the quadrant, the manual valve is positioned 
to allow drive oil, intermediate oil and low oil to pass through the valve. Low oil is directed to the 1-2 
shift valve train which acts with the 1-2 valve spring against governor oil pressure to close off drive 
oil from passing into the second clutch passage. At the same time, low oil is directed to the reverse 
and low control valve and acts against the spring to allow detent regulated oil at the reverse and low 
control valve to flow to the 2-3 shift valve, which is bottomed in its bore by intermediate oil pressure 
and the valve spring. The detent oil passes through the 2-3 shift valve and into the third clutch passages 
to apply the third clutch and to close off modulator oil pressure from the 3-2 control valve to the 2-3 
shift control valve. Third control oil is also directed to the reverse and low control valve, which is held 
open against its spring by low oil pressure, and closes off the source of supply to the servo release 
passage, to allow the servo to apply the low band. Intermediate oil seats the check ball at the reverse 
passage at the pressure regulator boost valve cavity and continues to the pressure regulator valve 
to increase oil pressure in the circuit. 


SUMMARY 


The third clutch is on, the band is on. The transmission is in Manual First. 
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Figure 21 Manual First 
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Figure 22 Reverse 
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REVERSE 


REVERSE CLUTCH — APPLIED THIRD CLUTCH — APPLIED 
SECOND CLUTCH — RELEASED LOW BAND — RELEASED 


SPRAG — LOCKED 


When the selector lever is moved to the Reverse position on the quadrant, the manual valve is posi- 
tioned to allow reverse oil to pass through the manual valve into the reverse oil passage. The reverse 
oil applies the reverse clutch. At the same time, reverse oil is directed to the pressure regulator boost 
control valve cavity to seat the check ball and prevent reverse oil passing into the intermediate oil 
passage. It is then directed to the pressure regulator boost valve forcing the pressure regulator valve 
downward to increase oil pressure in the circuit. 


Reverse oil is also directed to act on the end of the reverse and low control valve against the spring 
to allow detent regulated oil to pass through the valve to the 2-3 shift valve. The detent regulated 
oil passes through the 2-3 shift valve and into the third clutch oil passages to apply the third clutch. 
The third clutch oil also acts on the end of the 3-2 control valve against the spring and modulator 
oil pressure, closing off the supply of modulator oil to the 2-3 shift control valve. Third clutch oil at 
the reverse and low control valve is closed off from passing through the valve, and into the servo 


release passage. 


SUMMARY 


The reverse clutch is onand the third clutch is on. The transmission is in Reverse Range. 
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Figure 23 Reverse 


7A-28 3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 


DETENT DOWNSHIFT 


MAINLINE PRESSURE 
MODULATOR PRESSURE 
GOVERNOR PRESSURE 
DETENT REGULATED PRESSURE 
1-2 ACCUMULATOR PRESSURE 

J PUMP SUCTION 
CONVERTER OR LUBE 


VERNOR 


coven CLUTCH CON 
=a a Law 
UNE 


MANUAL VALVE 


y2 3 SHIFT, Beane 23 or 


Epes oo ri + 
= INTERMEDIATE 


| a 
a 


‘SERVO RELEASE 


BOOST 


SHUTTLE A 
valve || &Bil tH§stihte Ft —= 


pane ah HT 


NO & C1. —— 


Cal — 
VACUUM | MoD 
s ate 


DET REG.OR 32 EX 


zp FT) 
1-2/ACCUM, VALVE 
“1 5 


LH0027-3L30-R1 


Figure 24 Detent Downshift 


3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 7A-29 


DETENT DOWNSHIFT 


(Valves In Second Gear Position) 


REVERSE CLUTCH — RELEASED THIRD CLUTCH — RELEASED 
SECOND CLUTCH — APPLIED LOW BAND — APPLIED 


SPRAG — OVERRUNNING 


With the selector lever in the Drive position, detent downshifts are possible by fully depressing the 
accelerator pedal. This causes the mechanical linkage to the detent valve to move the detent valve, 
cutting off modulator oil to the 3-2 control valve, the 1-2 shift control valve, the 1-2 accumulator valve 
and the 2-3 shift control valve. 


The mechanical linkage holding the detent valve open allows the detent regulated oil to pass into the 
detent oil passage and is directed to the 2-3 shift control valve, acting against the spring and 
governor oil pressure. It is also directed to the 3-2 control valve, acting against the spring, allowing 
detent oil to pass through the valve and act on the end of the 2-3 shift control valve to keep the valve 
bottomed in its bore against governor oil pressure. Second clutch oil at the 2-3 shift valve is closed 
off from passing into the third clutch passages by the detent oil pressure holding the 2-3 shift valve 
bottomed in its bore. 


SUMMARY 


The second clutch on the low band is on. The valves are in Second Gear position under detent 
conditions. 
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Figure 25 Detent Downshift 
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Figure 26 Converter Housing Fluid Passages 
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Figure 27 Wear Plate Fluid Passages 
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Figure 29 Valve Body Passages 
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Figure 31 Case Passages 


3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 7A-33 
ON-VEHICLE SERVICE 


PARTS CLEANING, INSPECTION 
AND REPLACEMENT 


1. Use appropriate safety equipment such as: 
e Safety glasses. 
e Safety shoes. 
e Gloves. 
2. Keep work area and tools clean. 
3. Clean transmission exterior before removing parts, 
4. Do not use wipe cloths or rags. 
5. Do not use solvents on: 
e@ Rubber seals. 
@ Plastic/Teflon® thrust washers. 
6. Blow out all passages with compressed air. 
7. Clean out small passages with fine wire. 
8, Handle parts carefully to prevent damage. 
9, Lubricate all internal parts with transmission fluid 
during assembly. 
10. When installing screws, bolts or studs into 
aluminum always dip threads in transmission fluid. 
11. Always use torque wrench for proper torque. 
12. Recondition damaged or stripped aluminum 
threads with thread inserts. 
13. Replace all gaskets and seals. 
e@ Do not use gasket cement or sealers. 
14. Replace Teflon® and rubber lip seals only when 
necessary and install them using appropriate seal 
protector. 


Inspect 


1. Manual linkage for: 

@ Wear at pivoting points. 

@ Bent or broken links and rods. 
2. All seals, gasket and mating surfaces for: 
@ Nicks. 

@ Cuts. 

e Damage. 
8. Snap rings for: 

e@ Expansion or compression. 

® Distortion. 

@ Nicks. 

® Proper ring to groove fit. 

4. Bearings and thrust surfaces for: 
e@ Wear. 

® Scoring. 

@ Pitting. 


OIL COOLER LINES 


If replacement of transmission steel tubing cooler 
lines is required, use only double wrapped and brazed 
Steel tubing meeting GM specification 123M or 
equivalent. Under no condition use copper or 
aluminum tubing to replace steel tubing. Those 


materials do not have satisfactory fatigue durability to 
withstand normal vehicle vibrations. Steel tubing should 
be flared using the double flare method. 


COOLER LINE FLUSHING 

In a major transmission failure, where particles of 
metal have been carried with the oil throughout the 
transmission, it will be necessary to flush out the oil 
cooler and connecting lines. To flush the oil cooler and 
lines, use the following procedure: 

1. Disconnect both cooler lines from transmission. 

2. Place ahose over end of cooler inlet line (from top 
of cooler) and insert hose into empty container. 

3. Flush clean mineral spirits through return line 
(from bottom of cooler) using an oil suction gun 
until clean solvent comes out of hose. This will 
"back flush" cooler. 

4. Remove hose from inlet cooler line and place it on 
return line. ; 

5. Flush clean mineral spirits through inlet line until 
clean solvent comes out return line. Remove 
remaining solvent from cooler with compressed air 
applied to return line and flush with transmission 
fluid. 

6. Reconnect oil cooler lines and torque nuts to 25 
Nm (18 ft. Ibs.). 


A. Oil Level Range at 18-30°C (64-86°F) - 
1. Oil Level Gauge 


F-10112 
Figure 32 — Transmission Dipstick 
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CHECKING AND ADDING FLUID 


The automatic transmission is designed to operate at 
the "FULL HOT" mark on the dipstick at normal 
operating temperatures of 80°C-93°C (190°F-200°F), and 
should be checked under these conditions (figure 32). 

The normal operating temperature is obtained only 
after at least 24 km (15 miles) of highway-type driving. 

If the vehicle has recently been operated for an 
extended period at high speed or in city traffic in hot 
weather or the vehicle is being used to pull a trailer, an 
accurate fluid level cannot be determined until the fluid 
has cooled down, usually about 30 minutes after the 
vehicle has been parked. 


Inspect 
1. 


Park vehicle on level ground. 

2. Apply parking brake and block wheels. 

3. Start engine and operate vehicle for 15 minutes or 
until normal operating temperature is reached. 

4. Move gear selector through all gear positions. 

5. Move gear selector to "Park" (P). 

6. Check fluid level, color and condition. 


Important 


DO NOT OVEPFILL. 

Overfilling can cause foaming and loss of fluid 
through the vent. Slippage and transmission failure can 
result. 

Fluid level too low can cause slipping, particularly, 
when the transmission is cold or the vehicle is on a hill. 


SHIFT LINKAGE 
Remove or Disconnect (Figure 33) 


@ Apply parking brake. 
1. Retaining pin (5) and flat washer (4). 
2. Rod (1) from shift lever (6). 

® Note position of spacer (2) and insulator (8). 
3. Rod (1) from equalizer lever (16). 

@ Screw (10) and flat washer (11). 

© Swivel (12). 
4. Retaining pin (5) and equalizer lever (16). 

@ Insulator (13), flat washer (14) and spring (15). 
5. Nut (9) and control lever (8). 


Clean 


@ Metal parts using solvent. Wipe dry using clean, 
dry rag. 

@ Rubber or nylon parts using soapy water. Wipe 
dry using a clean, dry rag. 


Install or Connect (Figure 33) 


1. Equalizer lever (16) and new retaining pin (5). 
@ Spring (15), flat washer (14), and insulator (13). 
2. Rod (1) to equalizer lever (16). 
@ Swivel (12). 
@ Flat washer (11) and screw (10). 
3. Rod (1) to shift lever (6). 
@ Insulator (8) and spacer (2) in positions they were 
removed from. 
4. Flat washer (4) new retaining pin (5). 


SHIFT LINKAGE ADJUSTMENT 
Adjust (Figure 33) 


@ Apply parking brake. 
1. Loosen screw (10). 
2. Put column selector lever in "Neutral" (N) position. 
@ Put lever into neutral gate, do not use indicator to 
find neutral position. 
3. Put transmission in "Neutral" (N). 
@ Move shift lever to forward position, back to 
second detent (figure 34). 
4. Hold rod (1) tightly in swivel (12). 


[EX] Tiahten 


@ Screw (10) to 18 N'm (13 ft. Ib.). 
5. Put column selector lever in "Park" (P) position. 
6. Check adjustment. 
e@ Column selector lever must go into all positions. 
e Engine must start in *Park" (P) or "Neutral" (N) 
positions only. Adjust if meeded, refer to 
ELECTRICAL (SEC. 8). 


CAUTION: With the selector lever In the "Park" (P) 
position, the parking pawl should freely engage 
within the rear (reaction) Internal gear lugs or 
output ring gear lugs and prevent the vehicle from 
rolling, which could cause personal Injury. 


@ Align indicator, if needed. 
e@ Release parking brake. 
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Figure 33 — Shift Linkage 
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SHIFT LEVER INSPECTION 
Important 


@ The following is a way to check the shift lever 
operation and to ensure that the vehicle is in 
"Park" (P) before leaving it. 


CAUTION: While performing this procedure, ensure 
that the vehicle will not move by setting the parking 
brake. 
e@ Hold brake pedal down with your right foot. 
@ Pull back parking brake lever all the way with your 
right hand. 


—_ 
. 


Turn ignition to "ON" position. 

2. Pull shift lever toward you and move out of "Park" 
(P) position and down into "Drive" (D) position. 

3. Pull shift lever toward you and move it up as far as 
it will go (into "Park" "P" position). Release lever. 

4. Pull downward on shift lever without first pulling it 
toward you. 

@ If lever moves, it is either not fully engaged into 
"Park (P) or it is worn. If shift lever is worn, install 
a new lever as explained under "Shift Lever 
Replacement" in this section. 


SHIFT LEVER REPLACEMENT 


CAUTION: While performing this procedure, 

ensure that the vehicle will not move by setting the 

parking brake. 

@ Hold brake pedal down with your right foot. 

@ Pull back parking brake lever all the way with 
your right hand. 


Remove or Disconnect (Figure 34) 


1. Pin (18). 
e@ Use hammer and punch to drive pin upward from 
shift collar (19). 
2. Shift lever (17). 


Install or Connect (Figure 34) 


1. Shift lever (17). ; 
@ Place lever in opening in shift collar (19) and slide 
toward center of vehicle to align pin holes. 
2. Pin (18) from top through holes in collar (19) and 
lever (17). 
®@ Tap gently into place with a brass hammer. 


TV/DETENT CABLE 


DETENT CABLE 

The detent valve in the transmission is activated by 
the Throttle Valve (TV)/Detent cable which is connected 
to the throttle body linkage. When the throttle is half 
open, the detent valve is actuated, causing a part 
throttle downshift at speeds below 50 mph (80 km/h). 
When the throttle is fully opened, the detent valve is 
actuated causing the transmission to downshift. The 3- 
1 detent downshift may be obtained when vehicle 
speed is approximately 6 to 12 mph (9 to 19 km/h) 
below the maximum throttle 1-2 upshift point. The 3-2 
detent downshift may be obtained when vehicle speed 
is approximately 4 to 8 mph (6 to 13 km/h) below the 
maximum throttle 2-3 upshift point. 


17. Shift Lever 
18. Pin 
19. Shift Collar 


Figure 34 — Replacing Shift Lever 
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Figure 35 — TV/Detent Cable (T ypical) 


[++] Remove or Disconnect (Figure 35) [A] Tighten 

1. Air cleaner. e Screw to 5 Nm (44 in. Ibs.). 

2. Lever control assembly housing. 3. Cable routing clips or straps. 

3. Cable terminal (A) from lever control assembly 4. Press cable housing (26) into bracket. Until 
(25). locking tang (27) snaps into place. 

4. Lift cable housing (26) from bracket while pressing 
on locking tang (27). [2 ]important 

5. Routing clips or straps. 

6. Screw and retainer from transmission. e Avoid damaging or kinking cable. 

7. Cable (20) from detent valve (21). 


@ Pull up on cable cover at transmission until cable 5. Cable terminal (A) to lever control assembly (25). 


is visible. @ Pull on upper end of cable. It should travel a 
short distance with light resistance caused by 
Install or Connect (Figure 35) small retum spring on TV lever. When releasing 
upper end of TV cable, it should return to zero TV 
1. Cable (20) to detent valve. position. 
2. Screw and retainer. 6. Lever control assembly housing. 
7. Adjust TV cable as explained under "TV/Detent 


Cable Adjustment" in this section. 
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TV/DETENT 
CABLE ADJUSTMENT 


[ 2 ]important 


Adjustment of the TV cable must be made by rotating 
the lever control assembly by hand. Do not use the 
accelerator pedal to rotate the lever control assembly. 


[A] Adiust (Figure 35) 


Stop engine. 

Depress and hold down anata re-adjust tab (22) at 

engine end (C) of TV cable (20). 

Move slider (24) until it stops against fitting. 

Release readjustment tab (22). 

Rotate lever control assembly (25) to its “full travel 

position." 

6. Slider (24) must move (ratchet) toward lever when 
lever is rotated to its “full travel position." 

e@ Check that cable moves freely. Cable may appear 
to function properly with engine stopped and cold. 
Recheck after engine is hot. 

7. Road test vehicle. 


are fe 


CHANGING FLUID AND FILTER 
Remove or Disconnect (Figure 36) 


@ Raise vehicle and support it using suitable safety 
stands. 
@ Place drain pan under transmission oil pan. 
1. Oil pan screws (30) from front and sides only. 
e@ Loosen rear oil pan screws approximately four 
turns. 


NOTICE: Do not damage the transmission case 
or oil pan sealing surfaces. 


2. Lightly tap oil pan (31) with rubber mallet or pry 
down to allow fluid to drain. 
@ Inspect fluid color and condition. 
3. Remaining oil pan screws (30), oil pan (31), and 
gasket (32). 
@ Inspect magnet (29) for excessive metal particles. 
4. Bolts (33), oil filter (84), and gasket (28). 


Clean 


@ Transmission case and oil pan gasket surfaces 
with solvent and air dry. 
— All traces of old gasket material must be 
removed. 
— Remove magnet (29) for cleaning. 


Install or Connect (Figure 36) 


@ Lightly coat new gasket (28) with small amount of 
grease. 
1. New gasket (28) and new filter (34) with bolts (33). 
2. Oil pan (81) and new gasket (32). 
@ Be sure magnet (29) is positioned over dimple in 
oil pan (31). 


_ 3. Screws (80). 


[a] Tighten 


@ Screws (30) to 20 Nm (15 ft. Ibs.). 
4. New transmission fluid. 
@ Lower vehicle. 
@ Fill transmission to proper lever with DEXRONS II 
fluid or equivalent. As explained under "Checking 
and Adding Fluid" in this section. © 


Important 


@ Do not overfill. 
5. Check oil pan gasket for leaks. 


32 


31 


32. Gasket 
33. Bolt 
34. Filter 


Filter Gasket 
Magnet 
Screw 

Oil Pan 


Figure 36 — Transmission Filter and Pan 
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VACUUM MODULATOR AND PIPE 


Tools required: 
J 23100 Vacuum Modulator Wrench 


[-2]Remove or Disconnect (Figure 37) 


e Raise vehicle and support with suitable safety 
stands. 
1. Hose (38) from modulator port. 
2. Bolt (43) and clip (40). 
e Position pipe (86) out of way. 
3. Vacuum modulator (37) using J 23100. 
e O-ring (42). 
4. Pipe (86), if needed. 
e Bolt (41) and clip (40). 
@ Hose (38) from manifold vacuum fitting (35). 


aH] Ctean 


e All parts with soap and water. Do not use any 
petroleum based solvents as they will destroy 
rubber parts. 


Inspect 


@ Modulator (37) and pipe (36) for kinks, cracks, or 
other damage. 
@ Hoses (38) for cracks, wear, or dry rot. 


Install or Connect (Figure 37) 


1. Pipe (36), if removed. 

@ Bolt (41) and clip (40). 

e Route in same manner as removed. 

@ Hose (38). Seat hose against manifold fitting (35). 
2. Vacuum modulator (37) with new O-ring (42). Use 

J 23100. 

3. Bolt (43) and clip (40). 

@ Position pipe (36) properly. 


Important 


@ Pipe must not be twisted or bent. 
4. Hose (38) to modulator port. 
@ Lower vehicle. 
5. Check transmission fluid. Add if needed as 
explained under "Checking and Adding Fluid" in 
this section. 
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Figure 37 — Vacuum Modulator and Pipe 
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SPEEDOMETER DRIVEN GEAR 
[2 important 


As a 1991 model year change, beginning with 
chassis VIN IGBCS10E2M2901183 a new speedometer 
driven gear was installed in production. 

e If the original driven gear (yellow, 24 teeth) is 
being replaced, remove and discard the 
speedometer adapter (GM Part No.368025). 

e Replace the driven gear with the new part (blue, 
20 teeth). 

e When replacing the driven gear on vehicles 
equipped with the L38 engine and GU6 rear axle, 
use only new part (gray, 22 teeth). 

e@ When replacing both the speedometer drive gear 
and the driven gear on vehicles with the L38 
engine and GU6 rear axle, use only the gray (22 
teeth) driven gear with the new (blue) drive gear. 


Remove or Disconnect (Figure 38) 


@ Apply parking brake. 
1. Speedometer cable (50). 


Figure 38 — Speedometer Driven Gear 


2. Screw (48) and retainer (47). 
3. Sleeve (44) and seal (45). 
4. Driven gear (46). 


[[#] inspect 


e Gear teeth for nicks and burrs. If damaged, 
replace drive gear also as explained later in this 
section. 

e All parts for wear and damage. 


Install or Connect (Figure 38) 


1. Driven gear (46). 
2. New seal (45) and sleeve (44). 
3. Retainer (47) and screw (48). 
4. New seal (49) and speedometer cable (50). 
e Release parking brake. 
5. Transmission fluid. Add if needed as explained 
under "Checking and Adding Fluid" in this section. 


Speedometer Driven Gear 
Retainer 

Screw 

Seal 

Speedometer Cable 
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REAR EXTENSION OIL SEAL Install or Connect (Figure 39) 


> ove or Disconnect (Figure 39 Tools Required: 
= jes sii J 21426 Extension Housing Oil Seal Installer 


Tools Required: 


J 7004 Slide Hammer 1. New seal using J 21426. 
J 23129 Oil Seal Remover e Coat outer edge of seal case with a non-hardening 
; sealer. 
@ Raise vehicle and support it with suitable safety 2 Propeller shaft. Refer to PROPELLER SHAFT 
ghariis: (SEC. 4A). 
1. Transmission fluid. © Lower vehicle. , sie oe ‘ 
2. Propeller shaft. Refer to PROPELLER SHAFT 3. Newtransmission fluid. Refer to "Specifications" in 
(SEC. 4A). this section for the proper amount. 


3. Seal using J 23129 and J 7004. 


J 23129 J 21426 


51. Oil Seal 


Figure 39 — Removing and Installing Rear Extension Oil Seal 
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TRANSMISSION REPLACEMENT 


If the transmission is being lowered for clearance, do 
steps 1-8 only. 


Remove or Disconnect (Figure 40) 


Tools Required: 
J 21366 Converter Holding Strap 


1. Negative battery cable. 
2. Air cleaner, and TV cable from throttle linkage, if 
transmission is being removed. 
e Raise vehicle and support it with suitable safety 
stands. 
3. Transmission fluid. 
4. Shift linkage. 
5. Propeller shaft, refer to PROPELLER SHAFT (SEC. 
4A). 
6. Exhaust pipe from manifold to rear of catalytic 
converter. 
7. Support bracket at catalytic converter. 
e Any other components as needed for clearance. 
e Support transmission with a transmission jack. 
8. Transmission crossmember. 


Important 


e Do not stretch or damage any cables, wires or 
other components when lowering transmission. 


9. Transmission far enough for clearance to reach 
other components. 
10. Dipstick tube (89) and seal. 
@ Cover opening in transmission. 
11. Speedometer cable. 
12. Vacuum modulator line. 
13, Electrical connectors from transmission. 
14. Cooler lines (54 and 55). 
® Cap all openings in transmission and lines. 
@ Bolt (59) and flat washer (60). 
@ Position cooler lines out of way. 
15. Converter housing cover bolts (56). 
16. Converter housing cover (57). 
@ Mark flywheel and torque converter alignment. 


Important 


e Support engine with jack or hoist before 
disconnecting transmission. 
17. Bolts (52). 
@ Note location of any brackets or clips and move 
them aside. 
@ Slide transmission straight back off locating pins 
and install J 21366. 
18. Transmission from the vehicle. 


Clean 


@ Transmission case using solvent dampened cloth, 
do not allow solvent to enter transmission. Air dry. 
e fs hardware and flywheel cover ueing solvent. Air. 


Fn Inspect 


@ All parts for wear and damage. 

@ All seals and fittings for signs of leakage. 

@ Torque converter for stripped or broken weld nuts 
or screw holes. 

@ Transmission case for porosity. 


Install or Connect (Figure 40) 


Tools Required: 
J 21366 Converter Holding Strap 


@ If transmission was lowered for clearance only, do 

steps 11-16. 
1. Transmission. 

e Be sure torque converter is seated properly and 
that J 21366 is in place. 

e Support transmission with transmission jack. 

e Raise transmission into place and remove J 21366. 

@ Slide transmission straight onto locating pins while 
lining up marks on flywheel and the torque 
converter. 


Important 


@ Torque converter must be flush onto flywheel and 
rotate freely by hand. 
2. Bolts (52). 
e All brackets, clips and harnesses must be in 
positions they were removed from. 
e Do not install dipstick tube bolt (41) yet. 
3. Converter bolts (61). 


al Tighten 


e Bolts fingertight to insure proper converter 
seating. 
@ Bolts (52) to 75 Nm (55 ft. Ibs.). 
@ Bolts (61) to 63 Nm (46 ft. Ibs.). 
e@ Remove engine hoist or jack. 
4. Converter housing cover (57). 


al Tighten 


@ Bolts (56) to 9 Nm (80 in. Ibs.). 


5. Cooler lines (54 and 55). 
e@ Uncover openings. 
@ Do not twist or bend lines. 
@ Clip, flat washer (60), and bolt (59), 
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[A] Tighten Important 


@ Cooler lines (54 and 55) to 22 Nm (16 ft. Ibs.). @ Do not pinch or damage any cables, wires or 
e@ Bolt (59) to 12 Nm (9 ft. Ibs.). other components when raising transmission. 
6. Vacuum modulator line. 10. Transmission crossmember and _ transmission 
7. Speedometer cable. mount. 
8. Electrical connectors to transmission. @ Any components that were removed for clearance. 
9. Dipstick tube (89) with new seal. @ Remove transmission jack. 
e Uncover opening and install seal first. 11. Support bracket at catalytic converter. 
@ Bolt (41). 12. Propeller shaft, refer to PROPELLER SHAFT (SEC. 
4A). 
[A] Tighten 13. Exhaust pipe and catalytic converter to manifold 
and tailpipe. 
@ Bolt (41) to 75 Nm (55 ft. Ibs.). 14. Shift linkage. 


e@ Lower vehicle. 
15. New transmission fluid. 
16. Air cleaner, and TV cable, if removed. 
17. Negative battery cable. 
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om 


J 21366 


view [A | 


39. Dipstic! ~ . Converter Housing Cover Bolt 
41. Bolt, Dipouck Tube . Converter Housing Cover 

52. Transmission to Engine Bolts . Converter Access Hole Cover 
53. Spacer 59. Bolt 

54. Inlet Pipe, Cooler Line . Flat Washer 

55. Outlet Pipe, Cooler Line . Converter Bolt 


Figure 40 — Transmission and Components 
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SECTION/HYDRA-MATIC 3L30 


AUTOMATIC TRANSMISSION UNIT REPAIR 
RPO MD2 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the correct 
part number is not available, a fastener of equal size and strength ee stronger) may be tine, Fasteners that are not 
reused, and those va thread locking compound will be called ent, The correct torque value must be used 
when installing fasteners that require it. if the above conditions are not followed, parts or system damage could 
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TRANSMISSION DISASSEMBLY 


GENERAL SERVICE INFORMATION 
e@ Seal rings. 


— If any seal rings are damaged, cut, or do 
not rotate freely in their grooves, be certain 
to check the ring groove for debris, burrs, 
or damage. 


@ Thrust washer surfaces. 


— The thrust washers and bearing surfaces 
may appear to be polished. This is a 
normal condition and should not be 
considered damage. 


@ Snap rings. 


— Do not over expand snap rings when 
removing or installing. 
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EXTERNAL PARTS 


Figures 1 and 2 
Tools Required: 


J 3289-20 Base 
J 8763-01 Holding Fixture 


Clean 


e Thoroughly clean the exterior of the 
transmission. 


[>] Remove or Disconnect 
Figure 1 
e Torque converter. 


b¢] Install or Connect 


1. J 8763-01 onto transmission case. 
2. Holding fixture into the base. 


@ Do not over torque holding fixture screw. 


[+>] Remove or Disconnect 
Figure 1 
1. Drain the transmission fluid through the rear 
extension. 
2. Bolts, oil pan and gasket. 
3. Bolts, oil filter and gasket. 
4. Manual detent roller and spring assembly. 
5 


Electrical connections at the governor oil 
pressure switch, solenoid and case. 


6. Solenoid from transfer plate reinforcement. 

7. Solenoid from the solenoid pipes. 

8. Solenoid pipes from the valve body and the 
case. 


© Check for proper fit 


DBR So 
Dys A 


ui i ae 
nn : | 


J 8763-1 


MODULATOR 

VALVE BODY & ACCUMULATOR PISTON ASSEMBLY 
PLATE, TRANSFER 

SWITCH, OIL PRESSURE | 
VALVE, MANUAL , 

LINK, MANUAL VALVE 

ROLLER, MANUAL DETENT 
PLATE, REINFORCEMENT 
SOLENOID & BRACKET ASSEMBLY } 
SCREEN, OIL PUMP 
COVER, SERVO PISTON 

GASKET, OIL PAN 


1 
172 PAN, OIL 


LH0034-3L30-R1 


Figure 1 Disassembled View — External Parts 


[| Remove or Disconnect 
Figure 2 


1. 


lak el ae 


Governor pressure switch using a 1-1/16 in. 
pressure switch socket. 


Bolts, transfer plate reinforcement. 

Bolts, servo cover, and gasket. 

Bolts, valve body, and manual valve link. 
Check balls. 
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147 SOLENOID & BRACKET ASSEMBLY 
148 WIRING HARNESS 

149 TUBE, SOLENOID TO VALVE BODY 
150 TUBE, SOLENOID TO OIL PUMP 


LHO035-3L30 


Figure 2 Disconnection of Solenoid Pipes and 
Electrical Wires 


Servo Piston Removal 


Figures 3 and 4 
Tool Required: 


J-23075 Servo/3rd Clutch Piston Spring 


Compressor 


[+>] Remove or Disconnect 


1. Install J 23075 with tool offset to the rear case. 
@ Loosen the compression screw to receive 


servo spring tension. 
Compress servo piston. 
Servo piston retainer ring. 
Slowly release servo piston. 


AR WN 


and the servo apply rod. 


OTE: OFFSET OF TOOL 


O REAR OF CASE 


LH0036-3L30-R1 


167 RING, SERVO PISTON RETAINER 


Figure 3 Compressing the Servo Piston 


Remove J 23075, servo piston, return spring, 


157 ROD, SERVO PISTON 
161 SPRING, SERVO PISTON CUSHION 
162 PISTON, SERVO 


193 BALL, CHECK LH0037-3L30-R1 


Figure 4 Check Ball and Servo Piston 


Modulator and Detent Valve Assemblies 
Figures 5 and 6 


Tool Required: 
J 23100 Vacuum Modulator Wrench 


[->] Remove or Disconnect 


NOTICE: Use of another tool to remove the 
vacuum modulator may result in internal damage 
to the modulator. 


1. Vacuum modulator, O-ring, and modulator 
plunger. 
2. Modulator valve and sleeve. 


3. Detent valve retaining pin using diagonal pliers. 
Insert a wire in the center of the spring pin to 
prevent it from collapsing during removal. 


4. .Detent sleeve, valve, and spring. 
5. O-ring. 


118 MODULATOR 


LHOO38-3L30 


Figure 5 Vacuum Modulator 
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118 116 117 115 114 


0) Agate = 


ia an SA 


112 113 111 


108 SPRING, VALVE KICKDOWN 

109 SEAT, SPRING VALVE KICKDOWN 
110 VALVE, KICKDOWN 

111 SLEEVE, VALVE KICKDOWN 

112 PIN, VALVE KICKDOWN 

113 SEAL, VALVE SLEEVE KICKDOWN 
114 SLEEVE, MODULATOR VALVE 
115 VALVE, MODULATOR 

116 PLUNGER, MODULATOR 

117 SEAL RING, MODULATOR 

118 MODULATOR 


LH0039-3L30-R1 


Figure 6 Detent Valve and Modulator Valve 


Extension Housing, Speedometer, Driven Gear 
and Governor Assembly 


Figures 7, 8, 9 and 10 
Tools Required: 


J 7004 Slide Hammer 
J 23129 Converter Housing Seal Remover 


[+4] Remove or Disconnect 


1. Bolt and speedometer guide bracket. 


2. Speedometer driven gear assembly and seal 
ring. 

3. Extension housing seal using J 23129 and 
J 7004 if necessary. 

4. Bolts, extension housing and gasket. 


Speedometer drive gear and retaining clip. 
Bolts, governor body and gasket. 


Governor hub snap ring, governor hub and 
governor hub oil screen. 


Parking pawl and spring. 


eo ND 


i, ute. 
i hone = 


119 EXTENSION HOUSING 
188 GEAR, SPEEDOMETER DRIVEN 


LHO040-3L30 


Figure 7 Extension Housing and Speedometer Drive 
Gear 


LHO041-3L30 


Figure 8 Removing Extension Housing Oil Seal 
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INTERNAL PARTS 


Figures 11 through 14 
Tools Required: 


J 7004 Slide Hammer 
J 23129 Converter Housing Seal Remover 


>} Remove or Disconnect 
Figures 11, 12 and 13 
1. Converter housing oil seal using J 7004 and 
J 23129, if necessary. 
2. Seven outer bolts. 
3. Loosen five inner bolts. 
4. O-ring from input shaft. 
CAUTION: If the O-ring is not re- 


moved, the second clutch assembly and 
the third clutch assembly will come out 


123 ACTUATOR, PARKING LOCK PAWL with the converter housing. The O-ring 
339 CLIP, SPEEDO GEAR may shear while the parts are being 
aoe dle GOVERNOR held, allowing the second and the third 
410 GASKET, GOVERNOR speed clutches to fall, causing personal 
412 BODY, GOVERNOR injury. 


5. ‘Converter housing with the pump assembly and 
LHO042-3L30 reverse Clutch assembly. 


6. Selective washer. 


Figure 9 Speedometer Drive Gear and Governor 


all 


SD ~""LH0044-3L30 


Figure 11 Removing Converter Housing Oil Seal 
119 EXTENSION HOUSING 
121 SPRING, PARKING LOCK PAWL 
122 PAWL, PARKING LOCK 


LHO0043-3L30 


Figure 10 Extension Housing and Parking Pawl 
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ni clutch plates and aluminum pressure 
plate. 


Bearing assembly, thrust washer and planetary 
carrier assembly. 


Bearing assembly and thrust washer located in 
case or bottom of planetary carrier assembly. 
Remove or Disconnect 


Reaction sun gear and drum. 
Bearing assembly and thrust washer. 
Low band. 


@ Note location. 


Case vent, if necessary. If case vent is removed 
install a new vent. 


Inspect 
A CUT-AWAY VIEW CONVERTER HOUSING ; 
202 BOLT, CONVERTER HOUSING TO OIL PUMP Low band for: 
203 BOLT, CONVERTER HOUSING TO CASE = Chek 
318 O-RING righ 
— Flaking. 


— Heat damage. 
Reaction sun gear and drum for: 


— Chipped teeth. 
LHO045-3L30 — Worn bushing. 
— Scored drum. 


Figure 12 Converter Housing Attaching Bolts and 
O-Ring Seal @ Reverse clutch plates: 


— Composition plates for damaged tangs, 
delamination or excessive wear. 


— Steel plates for worn lugs or heat damage. 


Selector Lever and Electrical Connector 
Removal 


Figures 15 and 16 


[+] Remove or Disconnect 


1. Inner selector hex nut. 

2. Inside range selector and parking lock actuator 
rod. 

3. Range selector shaft spring pin, using diagonal 
pliers. Insert a wire in the center of the spring 


oh BOER. Cie ala pin to prevent it from collapsing during 
228 PISTON, REVERSE CLUTCH LHO046-3L30 removal. 
: NOTICE: Inspect the range shaft for burrs be- 
Figure 13 Removing Converter Housing fore removing shaft to prevent damage to the 
Fal R - , case. 
c 
i Saas hace aa 4. Range selector shaft. 
Figure 14 5. Selector shaft seal, if necessary. 
1. Second and third clutch assemblies. 6. Electrical connector and O-ring if necessary. 
2. Separate the second clutch and the third clutch 
assemblies. 


NOTICE: If the reverse clutch plates are not 
being replaced, they must be installed in their 
original position. 
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101 CASE, TRANSMISSION 
140 LEVER, PARKING LOCK 

& RANGE SELECTOR 
141 SHAFT, SELECTOR 141 
143 PIN, SELECTOR SHAFT 
144 NUT, SELECTOR SHAFT 


LHO048-3L30 


Figure 15 Selector Lever 


143 PIN, SELECTOR SHAFT LHO049-3L30 


Figure 16 Removing Spring Pin 


COMPONENT REPAIR AND 
TRANSMISSION ASSEMBLY 


The assembly for some components will require 


use of an eer lube. It is recommended the 
TRANSJEL™ J 36850 or equivalent be used during 


assembly. 
PLATE, REVERSE CLUTCH CUSHION 
PLATE, REVERSE CLUTCH (FLAT STEEL) NOTICE: Do not use any type of grease to re- 
PLATE, REVERSE CLUTCH (LINED) tain parts during assembly of this unit. Greases 
PLATE, REVERSE GLUTCH PRESSURE other than the recommended assembly lube will 
DRUM, 2ND CLUTCH “page: Bak 
INPUT SHAFT change transmission fluid characteristics and 
BEARING, INPUT SUN GEAR cause undesirable shift conditions and/or filter 
WASHER, INPUT GEAR TO CARRIER clogging. 
PLANETARY CARRIER ASSEMBLY ; on 
BEARING, REACTION SUN GEAR When assembling the transmission, do not use 
WASHER, REACTION SUN GEAR any O-rings, gaskets, or oil seals that have been 
DRUM & GEAR REACTION SUN ASSEMBLY removed 
BAND, BRAKE : 

Case 

Inspect 


@ Case exterior for cracks or porosity. 

@ Case to valve body face for damage. 

@ Interconnected fluid passages for damage. 
@ Servo bore for: 

LHO047-3L30 — Sharp edges. 

— Porosity. 


Figure 14 Internal Parts 
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e All bolt holes for thread damage: 
— Heli-coil to repair. 
e Cooler conditions for: 
— Proper torque 38 N-m (28 Ib. ft.). 


Case Interior 


Inspect 


e@ Ring grooves for damage. 

@ Clutch plate lugs for wear or damage. 
e Band retaining pins for good retention. 
@ Detent bore for scoring or scratches. 

e@ Modulator bore for scoring or scratches. 


Selector Lever and Shaft 
Figures 14, 17, 18 and 19 7 


be Install or Connect 


Figures 17, 18 and 19 
1. Selector seal, if necessary. 
2. Selector shaft. 


@ Identification groove must be on the 
outside. 


3. Spring pin. Check the selector lever shaft for 
free movement. 


4. Inside selector lever and parking pawl actuator 
assembly. 


5. Inside selector lever. 


6. Electrical connector with a new O-ring if 
necessary. 


Install or Connect 
Figure 14 
1. Thrust washer and bearing. 


@ The case bushing acts as a guide for the 
thrust washer and the bearing. 
2. Band. 
3. Reaction sun gear and drum assembly. 
4. Bearing and thrust washer. 


e Retain with TRANSJEL™ J 36850 or 
equivalent. 


A SOCKET 
B PROPERLY INSTALLED SEAL 
C IDENTIFICATION GROOVE ON SELECTOR 
LEVER SHAFT 
142 SEAL, SELECTOR SHAFT 


LHOO50-3L30 


Figure 17 Selector Lever Shaft Seal Installation 


123 ACTUATOR, PARKING LOCK PAWL 
140 LEVER, PARKING LOCK & RANGE SELECTOR 
LHO051-3L30 


101 CASE, TRANSMISSION 

140 LEVER, PARKING LOCK 
& RANGE SELECTOR 

141 SHAFT, SELECTOR 

143 PIN, SELECTOR SHAFT 

144 NUT, SELECTOR SHAFT 


LHO048-3L30 


Figure 19 Selector Lever Installed 
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Planetary Carrier 
Figures 20 and 21 


Inspect 


Figure 20 
e@ Planetary carrier and output shaft for: 
— Damage. 
— Distortion. 
e@ Planetary pinions for: 
— Damage. 
— Chipped teeth. 


Measure 


e@ Pinion clearance at points A and B with a feeler 
age. Clearance should be 0.127 to 0.889 mm 
(0.005 to 0.035 inch). 


338 PLANETARY CARRIER ASSEMBLY 


LHOO053-3L30 


Figure 20 Planetary Carrier and Pinion Clearance 


[+] Install or Connect 
Figure 21 


1. Planetary carrier and output shaft assembly. 
2. Thrust washer and bearing. 
@ Use TRANSJEL™ J 36850 or equivalent 


to hold the thrust washer and bearing in 
place. 


Third Clutch Assembly 


Figures 22 through 28 

Tools Required: 
J 38450 Third Clutch Sprag Retaining 
Ring Tool - 
J 23075 Servo/Third Clutch Piston Spring 
Compressor 
J 23084 Third Clutch Seal Protector 
J 8059 Snap Ring Pliers 


[+] Disassemble 


Figures 22, 23 and 24 


1. Place the third clutch housing and intermediate 
shaft assembly upright using a soft jawed vise as 
a support. 

2. Locate the end of the sprag retaining ring. 
Compress near the end using a screwdriver 
through the side slot and slide one tool blade 
between ring and housing to hold the ring clear 
of the groove. 

3. Repeat with a second tool blade near the other 

end of the retaining ring. 

Repeat with a third tool blade opposite the first 

two. 

Repeat with two further blades equally spaced. 

Pull the input sun gear assembly until the sprag 

retaining ring clears and ring groove. 

Remove the tool blades. 

Sprag race assembly from third clutch drum 

assembly. 

Bearing and thrust washer. 

Clutch plates. 


NOTICE: If the third clutch plates are not bein 


replaced, they must be installed in their origina 
position. 


eS PS aS S 


—" 


402 401 403 404 


330 BEARING, INPUT SUN GEAR 

337 WASHER, INPUT GEAR TO CARRIER 

338 PLANETARY CARRIER ASSEMBLY 

401 BEARING, REACTION SUN GEAR 

402 WASHER, REACTION SUN GEAR 

403 DRUM & GEAR REACTION SUN ASSEMBLY 
404 BAND, BRAKE 
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Figure 21 Installing Planetary Carrier 
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tl 
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a 
L It Oo 


319 INPUT SHAFT 
331 GEAR, INPUT SUN 


331, 333, 
335,336 


INPUT SHAFT 

PLATE, 3RD CLUTCH (STEEL) 
PLATE, 3RD CLUTCH (LINED) 
PLATE, 3RD CLUTCH (WAVED) 


WASHER, INPUT SHAFT TO SUN GEAR 
BEARING, INPUT SUN GEAR 

GEAR, INPUT SUN 

SPRAG ASSEMBLY, COMPLETE 

RING, RACE RETAINING 

RACE, 3RD CLUTCH INPUT SPRAG 


LHOO57-3L30 


Figure 24 Sprag Assembly and Third Clutch Assembly 


[+] Disassemble 


Figures 25 and 26 
1. Position third clutch and input shaft assembly in 
a press with the input shaft facing down. 

2. Compress third clutch piston using J 23075. 
NOTICE: Do not overstress the springs and 
seat. This will cause damage to the spring seat. 

3. Spring seat snap ring. 

4. Release the clutch piston. 

DO NOT LET THE SPRING SEAT CATCH IN 
THE RING GROOVE. 

5. Remove tool. 

6. Spring seat and return springs. 

7. Clutch piston. 


319 INPUT SHAFT 
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Figure 25 Removing or Installing Third Clutch Piston 


Inspect 


Figure 26 
@ Third clutch piston check ball. 


A. Shake the piston and listen for check ball 
movement. 


B. Replace the piston if check ball is missing 
or falls out. 


@ Clutch piston lip seal for nicks, cuts, or damage. 
@ Input shaft lip seal for nicks, cuts, or damage. 
@ Clutch plates 
— Composite plates for vl oes tangs, 
delamination or excessive wea 


— Steel plates for damaged | 
ee g a or heat 


@ Third clutch drum for dama 
splines. 


@ Thrust washer and bearing for damage. 


8€ OF worn clutch 
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SPRING, CLUTCH PISTON RETURN 

INPUT SHAFT 

SEAL, 3RD CLUTCH PISTON (OUTER) 

SEAL, 3RD CLUTCH PISTON (INNER) 

PISTON, 3RD CLUTCH 

SEAT, 3RD CLUTCH PISTON SPRING RETAINER 
RING, CLUTCH PISTON SPRING SEAT RETAINER 
PLATE, 3RD CLUTCH (STEEL) 

PLATE, 3RD CLUTCH (LINED) 

PLATE, 3RD CLUTCH (WAVED) 

WASHER, INPUT SHAFT TO SUN GEAR 
BEARING, INPUT SUN GEAR 


GEAR, INPUT SUN 
LHOO59-3L30 


Figure 26 Third Clutch 


7 
Assemble 


Figures 25, 26, 27 and 28 
1. Input shaft lip seal. Lip seal must point toward 


NDA YW 


the input shaft. Lubricate the lip seal with 
DEXRON®-IIE transmission fluid. 


Piston lip seal onto the piston as shown. 

e@ Lubricate the lip seal with DEXRON®-IIE 
transmission fluid. Use J 23084 to protect 
the seal during installing. 

Piston into the clutch drum. 

Remove J 23084. 

Third clutch piston return spring. 

Spring seat. 

Position the third clutch and ape shaft 
t 


assembly in a press with the input shaft pointing 
down. 
Compress the piston return springs using 
J 23075. 


NOTICE: Do not overstress the springs and 
seat. This will cause damage to the spring seat. 


Spring seat snap ring.- 
Remove J 23075. 


a o es Ni N 
AS AR, 


304 SEAL, 2ND CLUTCH PISTON (INNER) 


319 


INPUT SHAFT 


LHOO60-3L30 


Figure 27 Input Shaft Lip Seal 


320 SEAL, 3RD CLUTCH PISTON (OUTER) 
322 PISTON, 3RD CLUTCH 


Figure 28 Third Clutch Piston 
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Sprag Unit 
Figures 29 and 30 


[+] Disassemble 


Figure 29 


\ 
hs 


Sprag assembly from the third speed clutch sun 
gear. 

Sprag cage and retaining washers from the outer 
sprag race. 
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A FLARED SHOULDER PROPERLY INSTALLED 
331 GEAR, INPUT SUN 
333 SPRAG ASSEMBLY, COMPLETE 
335 RING, RACE RETAINING 
336 RACE, 3RD CLUTCH INPUT SPRAG 


LHO062-3L30 


Figure 29 Sprag Assembly 


Inspect 
Figures 29 and 30 


@ Sun gear for nicked or chipped teeth. 

e Sun gear sprag surface for pitting or damage. 
® Outer sprag race for pitting or heat damage. 
e@ Retaining ring damage. 


LHO063-3L30 


Figure 30 Testing Sprag Assembly 


+, 
Assemble 


Figure 29 
1. Retaining rings and sprag cage onto the sun 
gear. Flared shoulder of 


the sprag cage faces the 
sun gear. : 


Important 


@ This procedure must be followed exactly to be 
sure that the sprag assembly is installed 
properly. 

2. Outer sprag race over the sprag cage. 


@ Hold the sun gear with your left hand. The 
sprag and retainer assembly should hold 
firmly when turned in a clockwise 
direction with your right hand. 

e@ The sprag race and retainer assembly 
should rotate freely when turned in a 
counterclockwise direction with your 
right hand. 


Third Clutch and Sprag Unit 


Figures 31 and 32 
Tool Required: 


J 38450 Third Clutch Sprag Retaining 
Ring Tool 


Assemble 


Place third clutch housing and intermediate 

shaft assembly upright using a soft jawed vise as 

a support. 

Third clutch spring cushion plate, bevel face 

down. 

Third clutch plates into clutch housing. Startin 

with the steel clutch plate and alternate with 

lined plates. 

Thrust washer and bearing. 

Align third clutch inner tangs. 

Fully engage the sprag assembly hub splines 

into the third clutch inner tangs. Simultaneously 

rotate the outer sprag race to engage into the 

third clutch housing. 

Install a tool blade at each extremity of the 

retaining ring (Figure 32). 

8. Compress the retaining ring with a screwdriver 
opposite the tool blades while pushing down on 
the outer sprag race. 

9. Engage retaining ring into groove. 

10. Remove tool blades. 
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319 INPUT SHAFT 
336 RACE, 3RD CLUTCH INPUT SPRAG 


Figure 32 Third Clutch 


Second Clutch 


Figures 33 through 37 
Tools Required: 


J 23327 Clutch Spring Compressor 


J 23080-A Second Clutch Piston Seal 
Installer 


[+] Disassemble 


Figure 33 


LHOO65-3L30 


1. Retaining ring from the second clutch drum. 

2. Ring gear, retaining ring, and spacer. 
NOTICE: If the second speed clutch plates are 
not being replaced, they must be installed in their 
original position. 

3. Second clutch plates. 

4. Thrust washer. 


[+>] Disassemble 


Figures 33, 34 and 35 


Install J 23327. 

Compress the piston return springs. 
Retaining snap ring. 

Clutch piston. Remove J 23327. 
Spring seal and return springs. 
Clutch piston. 


Piston lip seal and the clutch drum lip seal if 
nicked, cut or damaged. 


INPUT SHAFT 
326 PLATE, 3RD CLUTCH (STEEL) 

327 PLATE, 3RD CLUTCH (LINED) 

328 PLATE, 3RD CLUTCH (WAVED) 

329 WASHER, INPUT SHAFT TO SUN GEAR 
330 BEARING, INPUT SUN GEAR 

331 GEAR, INPUT SUN 

335 RING, RACE RETAINING 

336 RACE, 3RD CLUTCH INPUT SPRAG 


al cl a ak coll ak 
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Figure 31 3rd Clutch and Sprag Assembly 
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Inspect 
e Second clutch piston. 


— Shake the piston and listen for check ball 
movement. Movement indicates proper 
check ball operation. Replace the piston if 
check ball is missing or falls out. 


e Second clutch plates. 
— Composition clutch plates for damaged 
tangs or delamination. 
— Steel clutch plates for damaged tangs, 
wear, or heat damage. 
e@ Clutch hub. 


— Bushing for scoring or damage. 
— Clutch splines for wear or damage. 
— Thrust washer for wear or damage. 


Assemble 
Figures 35 and 36 


1. Clutch drum lip seal with the lip facing down, if 
necessary. Lubricate the oe seal with 
DEXRON®-IIE transmission fluid. 


2. Outer piston i seal with the lip facing down, if 
necessary. Lubricate the a seal with 
DEXRON®-IIE transmission fluid. 


3. Second clutch piston into the clutch drum. 
Lubricate the lip seals with liberal amounts of 
DEXRON®-IIE transmission fluid. Use 
J 23080-A to protect the outer piston lip seal. 


4. Remove J 23080-A. 


¥, 
Assemble 


Figure 34 
1. Piston return springs and spring seat on the 
second clutch piston. 
2. Use J 23327 to compress the second clutch 
piston return springs. 
DO NOT LET SPRING SEAT CATCH IN 
RING GROOVE. 
Snap ring. 
Remove J 23327. 
5. Thrust washer. Seat the tang in the slot on the 
second clutch hub. 


@ Retain washer with TRANSJEL™ 
J 36850 or equivalent. 
6. Clutch plates into the second clutch drum in the 
following order: 
A. Waved plate. 
B. Steel plate. 
C. Composition plate. 
D. Steel plate. 


7. Align the internal splines of the clutch plates. 


ak a 


Soi, 


au hi 


229 SPRING, CLUTCH PISTON RETURN 

303 DRUM, 2ND CLUTCH 

304 SEAL, 2ND CLUTCH PISTON (INNER) 

305 SEAL, 2ND CLUTCH PISTON (OUTER) 
306 PISTON, 2ND CLUTCH 

309 RING, CLUTCH PISTON SPRING SEAT RETAINER 
310 WASHER, 2ND TO 3RD CLUTCH THRUST 
311 PLATE, 2ND CLUTCH (WAVED) 

312 PLATE, 2ND CLUTCH (LINED) 

313 PLATE, 2ND CLUTCH (STEEL) 

314 SPACER, 2ND CLUTCH 

315 RING, RING GEAR RETAINER 

316 GEAR, RING 


LHOO66-3L30 
Figure 33 Second Clutch 


ra 
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Assemble 
Figure 33 


1. Ring gear spacer. 
@ Wavy end toward the clutch plates. 
2. Spacer retaining ring. 
3. Ring gear. 
@ Grooved edge facing up. 
4. Ring gear retaining ring. 


A SOCKETS (3) LHO067-3L30 


Figure 34 Removing Snap Ring From Second Clutch 
Piston 


303 DRUM, 2ND CLUTCH 

304 SEAL, 2ND CLUTCH PISTON (INNER) 
305 SEAL, 2ND CLUTCH PISTON (OUTER) 
306 PISTON, 2ND CLUTCH 


LHOO68-3L30 


Figure 35 Second Clutch Piston Lip Seals 


303 DRUM, 2ND CLUTCH 
306 PISTON, 2ND CLUTCH 


LHOO69-3L30 


Figure 36 Installing Second Clutch Piston Into Second 
Clutch Drum 


Assemble 


Figure 37 
1. Third clutch and input shaft assembly into the 
second clutch drum. 
2. Second and third clutch assembly. 


303 DRUM, 2ND CLUTCH 
319 INPUT SHAFT 


LHOO70-3L30 


Figure 37 Installing Third Clutch Assembly Into 
Second Clutch Assembly 


Reverse Clutch Parts 
Figure 38 


| Assemble 


1. Aluminum pressure plate with the flat side up. 
LUGS ON PRESSURE PLATE MUST 
ENGAGE NARROW NOTCH IN THE CASE. 

2. Reverse clutch plates. 


e Start with a steel plate and alternate with a 
composition plate. 


3. Waved clutch plate. Clutch plate lugs must 
engage narrow notches in the case. 
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WASHER, SELECTIVE THRUST 
PLATE, REVERSE CLUTCH CUSHION 
PLATE, REVERSE CLUTCH (FLAT STEEL) 
PLATE, REVERSE CLUTCH (LINED) 
PLATE, REVERSE CLUTCH PRESSURE 
DRUM, 2ND CLUTCH 


INPUT SHAFT LHO071-3L30 


Figure 38 Installing Second/Third Clutch Assemblies 
into Case 


Determining Selective Washer Thickness 


Figures 39 and 40 
Tool Required: 
J 23085 Selective Washer Gaging Tool 


Measure 


1. Install J 23085 on the case flange and against 
the input shaft. 


2. Position the inner shaft of J 23085 against the 
thrust surface of the second speed clutch hub. 


Tighten thumb screw. Remove J 23085. 
4. Measure gap “A.” Compare measurement “A” 
to the chart. 


@ Selective washer thickness must not 
exceed measurement “A.” 


- 


J 23085 


WHEN MEASURED GAP (A) IS: 


INCHES PART NUMBER 
2 5258202 
5258203 
5258204 
5258205 
5258206 
5258207 


.069 - .074 
.075 - .079 
.080 - .084 
.085 - .089 
.090 - .094 
.095 - .100 


1.78 - 1.88 
1.93 - 2.03 
2.06 - 2.16 
2.18 - 2.29 
2.31 - 2.41 
2.46 - 2.57 


FOLLOWING THE PROCEDURE SHOULD RESULT IN FINAL 
END-PLAY FROM 0.36mm TO 0.79mm (.014 in. TO .031 in.) 


CORRECT” 


LHO073-3L30 


Figure 40 Selective Washer Chart 
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Converter Housing, Pump Assembly and 
Reverse Clutch 


Figures 41 through 52 
Tools Required: 


J 23327 Clutch Spring Compressor 


J 23082 Converter Housing to Pump 
Assembly Alignment Tool 


J 21359 Seal Installation Tool 


[-+] Remove or Disconnect 


Figures 41 and 42 


1. Pump to case gasket. 

2. Pump outer square cut gasket. 

3. Five pump to converter bolts. 

4. Separate the pump from the converter housing. 
5. Pump wear plate. 

6. Pump gears. 


231» dq 


230 
229—> III 
226 ¢ 


HOUSING, CONVERTER 
207 GASKET, OIL PUMP 
208 PLATE, OlL PUMP WEIR 
222 BODY, OIL PUMP 
223 SEAL, OIL PUMP (OUTER) 

224 WASHER, SELECTIVE THRUST 

°226 SEAL, REVERSE CLUTCH PISTON (INNER) 

227 SEAL, REVERSE CLUTCH PISTON (OUTER) 

228 PISTON, REVERSE CLUTCH 

229 SPRING, CLUTCH PISTON RETURN 

230 SEAT, REVERSE CLUTCH PISTON RETURN SPRING 
RING, CLUTCH PISTON SPRING SEAT RETAINER 


LHO074-3L30 


Figure 41 Disassemble View of Converter Housing, 
Pump Assembly and Reverse Clutch 


Disassemble 


Figures 41 and 43 


1. Install J 23327. 
2. Compress the reverse clutch return springs. 


3. Retaining ring. 
4. Release the reverse clutch return springs. 


DO NOT LET SPRING SEAT CATCH IN 
RING GROOVE. 


5. Remove J 23327, spring seat, and return 
springs. 

6. Reverse clutch piston. Apply compressed air to 
the “apply” fluid passage. 


7. Inner and outer piston oil seals if necessary. 


205 HOUSING, CONVERTER 
222 BODY, OIL PUMP 
228 PISTON, REVERSE CLUTCH 


LHOO76-3L30 


Figure 43 Compressing Reverse Clutch Piston 


Retainer 
+t. . 
Disassemble 


Figure 44 


Do not remove the converter clutch control 
valve, pressure regulator valve, or the reverse boost 
valve, unless determined by fluid pressure checks to 
be malfunctioning. 


CAUTION: Valves are under 
spring pressure, use caution when 
disassembling. 
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211 PIN, OIL PUMP BOOST SLEEVE RETAINER 
212 SLEEVE, OIL PUMP BOOST 

213 VALVE, OIL PUMP BOOST 

214 SEAT, PRESSURE REGULATOR VALVE SPRING 
215 SPRING, PRESSURE REGULATOR VALVE 

216 VALVE, PRESSURE 


Figure 44 Disassemble View 


— 


. Retaining pin from the converter clutch control 
port. 


Pump boost valve sleeve, boost valve, spring, 
spring seats, and valve. 


3. Screen, retainer, valve and spring. 
4. Pump seal rings. 


Inspect 
Figures 44 and 45 


© Reverse boost valve, pressure regulator valve, 
and the converter clutch control valve for: 


Nicks. 
Scoring. 
Damage. 

@ Pump seal rings for: 


Side wear. 
Damage. 


Z 


Clean 
@ Thoroughly clean the pressure regulator valve, 
reverse boost valve, and the converter clutch 
control valve. 
® Soak valves in Dexron®-IIE transmission fluid. 


VALVE, CLUTCH CONTROL 
SPRING, CLUTCH CONTROL VALVE 
PLUG, CLUTCH CONTROL VALVE 
PIN, CLUTCH CONTROL VALVE 
BODY, OIL PUMP 
RING, 2ND CLUTCH OIL SEAL 
LHO077-3L30 


— Valves in Pump Assembly 


Assemble 
1. Spring, valve, retainer and screen. 


2. Plug, valve, spring seats, spring, pump boost 
valve, sleeve, and retaining ring. 
3. Two piston seals. 


226 SEAL, REVERSE CLUTCH PISTON (INNER) 
227 SEAL, REVERSE CLUTCH PISTON (OUTER) 
228 PISTON, REVERSE CLUTCH LHOO78-3L30 


Figure 45 Reverse Clutch Piston 
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S, 


*¢| Assemble 
Figures 46 and 47 
1. Inner and outer piston seals. 


3 
4 
3 
6 
‘ls 
e 


Reverse clutch piston onto the rear face of the 
pump assembly. 


Clutch return springs. 

Spring seat and snap ring. 

Install J 23327. 

Compress clutch piston return springs. 
Snap ring. Remove J 23327. 


Assemble 


Pump gears with marks on the driven gear facing 
up. 


205 HOUSING, CONVERTER 
222 BODY, OIL PUMP 


228 PISTON, REVERSE CLUTCH 
LHOO76-3L30 


Figure 46 Compressing Reverse Clutch Piston 
Retainer 


As 


FA 


VE SSS 
(ADE 


222 BODY, OIL PUMP 
228 PISTON, REVERSE CLUTCH 


LHOO80-3L30 


Figure 47 Installing Reverse Clutch Piston into Pump 


Assembly 


Measure 


Figure 48 


Use a straight edge and a feeler gage to measure 
between the gear face and the pump face. 


Clearance should be 0.0127 to 0.0839 mm, 
(0.0005 to 0.00325 inch). 


Pump rotating checking tool 
Pump gear centering tool 


LHO081-3L30 


Figure 48 Checking Pump Gear Clearance 


[ie] Assemble 


Figures 49 and 50 


Se FP PPPS rr 


NOTICE: Failure to use J 23082 will cause 
pump damage when transmission is operated 
after assembly. 
Remove and replace O-rings from pipes. 
Pump wear plate. 
Converter housing oil seal. Use J 21359. 
Converter housing onto the pump assembly. 
Loosely install pump bolt. 


Install J 23082. Tool will bottom out on the 
pump gear. 


Tighten ae bolts to half torque, then go to 
19 N-m (14 Ib. ft.) in an alternating pattern. 


Remove J 23082. 


LHOO82-3L30 


Figure 49 Installing Front Pump Seal 


— 
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J 23082-01 


LHO083-3L30 


Figure 50 Aligning Converter Housing to Pump 


Assembly 
Assemble 


Figures 51 and 52 
1. Pump to case gasket. 


e@ Retain with TRANSJEL™ J 36850 or 
equivalent. 


2. Pump outer square cut seal. 

3. Converter housing and reverse clutch assembly. 
Use guide pins. 

4. Converter to case bolts. 


[2] Tighten 
© Bolt to 33 Nem (24.b ft.) 


@ Rotate input shaft to check for proper 
assembly. 


Install or Connect 


@ Input O-ring. 


oO—ar C 
223 SEAL, OIL PUMP (OUTER) 
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Figure 51 Installing Pump Assembly Outer Seal 


J 3387-2 
GUIDE PINS 


LHOO85-3L30 


Figure 52 Installing Converter Housing Using Guide 
Pins 


Governor Hub 


Figures 53 and 54 
Inspect 


e@ Seal rings for nicks, burrs, or damage. 
@ Governor hub oil screen. 
@ Governor hub splines for: 

— Cracks. 

— Chipped teeth. 


Assemble 
1. Oil screen flush with the governor hub. 
2. Seal rings if necessary. 

3. Governor hub. 
4. Snap ring. 


Governor Body and Speedometer Drive Gear 
Figure 55 


+ . 
Disassemble 


1. Secondary valve spring retainer. 


2. Secondary valve spring, secondary valve, and 
the primary valve. 
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408 HUB, GOVERNOR 


, GOVERNOR OIL 
409 SCREEN, GO 0 LHOO86-3L30 


Figure 53 Installing Snap Ring to Governor Hub and 
Oil Screen 


411 RETAINER, SECONDARY VALVE 
412 BODY, GOVERNOR 

413 VALVE, SECONDARY 

414 SPRING, SECONDARY 

415 VALVE, PRIMARY 


LHO087-3L30 


Figure 54 Governor Assembly — Disassembled View 


Inspect 
Figure 55 


@ Primary and secondary valves (small end first) 
for: 


— Nicks. 
— Burrs. 


@ Fluid passages and valve bores for: 


— Nicks. 
— Burrs. 
— Varnish. 


Secondary spring and retainer. 
@ Governor body, gasket, bolts. 


[al Tighten 
@ Bolts to 8 N-m (71 Ib. in.). 
@ Valve should move freely. 


Assemble 
@ Speedometer drive gear and retaining clip. 


a 


yu 
Iu lp 
PLT 


ACTUATOR, PARKING LOCK PAWL 
CLIP, SPEEDO GEAR 

GEAR, SPEEDO 

HUB, GOVERNOR 

GASKET, GOVERNOR 

BODY, GOVERNOR 


LHO042-3L30 


Figure 55 Installing Governor Body and Speedometer 
Drive Gear 
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Extension Housing and Speedometer Drive 
Gear 
Figures 56 through 58 


Tool Required: 


- J 21426 Extension Housing Seal Installer 


Inspect 


Figure 56 
e@ Extension housing for cracks or porosity. 
e@ Parking pawl and spring. 


119 EXTENSION HOUSING 
121 SPRING, PARKING LOCK PAWL 
122 PAWL, PARKING LOCK 


LH0043-3L30 


Figure 56 Extension Housing and Parking Pawl 


Le] Assemble 


Figures 57 and 58 
1. Extension housing seal, use J 21426. 
2. Parking pawl and spring. 
3. Gasket. 
4. Align the parking pawl actuator rod into the 
extension housing. 
5. Extension housing bolts. 


[a] Tighten 


e Bolts to 31 N-m (23 Ib. ft.). 


LHOO90-3L30 


Figure 57 Installing Extension Housing Seal 


119 EXTENSION HOUSING 
188 GEAR, SPEEDOMETER DRIVEN 


. LHOO40-3L30 


Figure 58 Extension Housing and Speedometer 


Driven Gear 
[eH Assemble 


1. Speedometer driven gear housing O-ring if 
necessary. 


2. Bolt and speedometer guide bracket. 


[2] Tighten 


e@ Bolt to 9.5 N-m (85 Ib. in.). 
Detent Valve and Modulator 


Figures 59 through 64 
Tools Required: 


J 23100 Modulator Wrench 


J 23075 Servo and Clutch Piston 
Compressor 


J 38428 Servo Piston Ring Sleeve 


Inspect 
Figures 59 and 60 
@ Detent valve sleeve for nicks, scratches, or 
scoring. 
@ Detent valve for nicks, or scoring. 


e@ Modulator plunger for nicks, scratches, or 
scoring. 

@ Modulator valve sleeve for nicks, scratches, or 
scoring. 


@ Modulator valve for nicks, scratches, or scoring. 


+] Assemble 
1 


Spring seats, spring, detent valv 
FACE PAN. Detent valve sleeve, es 
retaining pin. > 
e Lubricate with DE 
transmission fluid. XRON®-IIE 


118 MODULATOR 
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2. Modulator valve sleeve, small end first. 


e TAB MUST ENGAGE SLOT IN 
MODULATOR BORE. 


3. Modulator valve and plunger. 
4. O-ring onto the modulator assembly. 


NOTICE: Use of another tool to install the vac- 
uum modulator may result in internal damage to 
the modulator. 


5. Modulator assembly. 


- [Q] Tighten 


@ Modulator to 52 N-m (38 Ib. ft.) 


118 116 117 115 


dap 
Wy wD 


108 SPRING, VALVE KICKDOWN 

109 SEAT, SPRING VALVE KICKDOWN 
110 VALVE, KICKDOWN 

111 SLEEVE, VALVE KICKDOWN 

112 PIN, VALVE KICKDOWN 

113 SEAL, VALVE wes wage 


117 SEAL RING, MODULATOR 
118 MODULATOR 


LH0039-3L30-R1 


LHO038-3L30 


Figure 60 Installing Vacuum Modulator 


Servo Piston 


Figure 61 


[+] Disassemble 


NANA YN 


e [aj 


paoranswne be] ee 


NOTICE: Band assembly should be in the cor- 
rect position. 

Servo piston and apply rod. 

Locknut. 

Position servo piston and sleeve in a press. 

Compress the cushion spring. 

Retaining clip. 

Release the cushion spring. 


Sleeve, spring seat, cushion spring and 
adjusting bolt. 


Inspect 
Servo piston ring for: 

— Nicks, burrs, or side damage. 
Piston sleeve for nicks or burrs. 
Apply rod for nicks, burrs, or scoring. 


Assemble 


Spring seat and cushion spring onto the sleeve. 
Insert the sleeve into the piston. 

Position the piston and sleeve in a press. 
Compress the cushion spring. 

Retaining clip. 

Release the cushion spring. 

Adjust ring bolt into the sleeve. 

Locknut. Do not tighten. 

Piston ring, if necessary. 


[><] Install or Connect 
Figures 62, 63, and 64 


A 


ial a 


a 


Servo apply rod, turn spring, and piston. 
@ Round end goes into case. 


Install J 23075 with tool offset toward the rear 
oe case. Place J 38428 sleeve inside 
3075. 


Place piston inside J 38428 sleeve. 
a the servo piston return spring using 


Retaining ring. 
Remove J 23075 and J 38428. 


-Ri 
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156 SPRING, SERVO PISTON RETURN 
157 ROD, SERVO PISTON 
SLEEVE, SERVO PISTON ADJUSTING 
RETAINER, SERVO PISTON CUSHION SPRING 
SEAT, SERVO PISTON CUSHION SPRING 
SPRING, SERVO PISTON CUSHION 
PISTON, SERVO 
RING, SERVO PISTON SEAL 
SCREW, SERVO PISTON ADJUSTING 
NUT, SERVO PISTON ADJUSTING SCREW 
RING, SERVO PISTON RETAINER 


LH0094-3L30-R1 


Figure 61 Servo Piston — Disassemble View 


Adjust 


Hold the servo piston sleeve. 

Proceed with the adjusting operation by using a 
special torque wrench with a 3/16 inch hex 
head. 

Loosen the servo lock nut. 


ae the adjusting bolt up to 4.5 N-m 
(40 Ib. in.) 


Be certain that the lock nut remains loose. 
Back off the adjusting bolt five turns exactly. 


Retighten the lock nut at 18.9 N-m (14 Ib. ft.) 
by holding the adjusting bolt and sleeve firmly. 


Install a new servo cover gasket. 


Install the servo cover, torque to 24.4 Nm 
(18 Ib. ft.) 


J 38428 


A OFFSET OF TOOL J 23075 TOWARD 
REAR OF CASE 


LH0095-3L30-R1 


A HOLDING WRENCH 
B TORQUE WRENCH 
164 SCREW, SERVO PISTON ADJUSTING 
165 NUT, SERVO PISTON ADJUSTING SCREW | 1.0996.3130 


Figure 63 Adjusting Servo Apply Rod 


BOLT, SERVO COVER & REINF. PLATE 
158 SLEEVE, SERVO PISTON ADJUSTING 
164 SCREW, SERVO PISTON ADJUSTING 
165 NUT, SERVO PISTON ADJUSTING SCREW 
168 GASKET, SERVO PISTON COVER 

COVER, SERVO PISTON 


LHO097-31.30 


Figure 64 Tighten Servo Nut 
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Control Valve Assembly 
Figures 65 through 68 


[3] Disassemble 


Figure 65 


1. Manual valve and manual valve link. 
2. Bolts, transfer plate and gaskets. 


128 VALVE BODY & ACCUMULATOR PISTON ASSEMBLY 
129 GASKET, TRANSFER PLATE 


130 PLATE, TRANSFER 
131 BOLT, TRANSFER PLATE TO VALVE BODY 
132 GASKET, TRANSFER PLATE TO CASE 


LHOO98-3L30 


Figure 65 Removing Transfer Plate 


NOTICE: The use of a honing stone, fine sand- 
paper or crocus cloth is not recommended for 
servicing stuck valves. All valve lands have 
sharply machined corners that are necessary to 
“cleaning” the bore. If these corners are rounded, 
foreign material could wedge between the valve 
and the bore causing the valve to stick. If it is 
found necessary to clean a valve “micro fine” 
lapping compound 900 grit or finer should be 
used. 


Too much “lapping” of the valve will cause ex- 
cessive clearances and increase the chance of a 
valve not operating. 


rr] Clean 


Figure 66 
@ Control valve assembly thoroughly in cleanin 
solvent. Move the valves with a pick or small 
screwdriver to dislodge any dirt or debris that 
may have accumulated. 


[4] Disassemble 


@ Position the control valve as shown on a clean 
surface. 


A. Remove the valve trains beginning with 
the upper left hand corner. 


B. Some of the valves are under pressure — 
cover the bores while removing the 
retaining pins. 


C. Remove blind hole roll pins with a 
modified drill bit. 


D. Valves, springs, and sleeves must be laid 
out on a clean surface in the exact 
sequence they are removed. 


[re] Clean 
* 


All valves, springs, sleeves and control 
valve body. 


e@ Dry using compressed air. 


Inspect 
e@ All valves and sleeves for: 
— Porosity. 
— Scoring. 
— Nicks. 
— Scratches. 
e Springs for damaged or distorted coils 
@ Valve body casting for: 
— Porosity. 
Cracks. 
Interconnected fluid passages. 
— Damaged machined surfaces. 


+, 
Assemble 


@ Control valve assembly exactly as shown. 


@ Notice the position of the valve lands and sleeves 
position. 


[¥e] Assemble 


Figure 65 


1. Gasket, transfer plate, and bolts. 
@ Use guide pins J 3387-2 


[a] Tighten 
@ Bolts to 9.5 N-m (85 Ib. in.) 


2. Manual valve and manual valve link. 
e@ Long side of link into manual valve 


[ie] Assemble 


Figures 67 and 68 
1. Check ball. 
2. Gasket. 
3. Control valve. Position manual valve link as 
shown. 
4. Bolts. 


[al Tighten 


© Bolts to 19 N-m (14 Ib. ft.). 
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ILL. 
NO. DESCRIPTION 


138 VALVE, MANUAL 
139 LINK, MANUAL 
~t— 506 500 VALVE BODY 
501 1-2 ACCUMULATOR PISTON ASSEMBLY 
502 PIN, RETAINING ; 
503 PLUG, 1-2 ACCUMULATOR VALVE 
504 VALVE, 1-2 ACCUMULATOR 
505 SPRING, 1-2 ACCUMULATOR VALVE 1/2” x 1-1/16” 
506 SPRING, DOWNSHIFT TIMING VALVE (HIGH SPEED) 
7/16" x 1-5/16” 
507 VALVE, DOWNSHIFT TIMING (HIGH SPEED) 
508 PLUG, TIMING & CONTROL VALVE 
509 VALVE, DOWNSHIFT TIMING (LOW SPEED) 
510 SPRING, DOWNSHIFT TIMING VALVE (LOW SPEED) 
7/16" x 1-3/8" 
511 SPRING, MANUAL LOW CONTROL VALVE 
7/16" x 1-5/16” 
512 VALVE, MANUAL LOW CONTROL 
513 VALVE, REVERSE CONTROL 
514 VALVE, 1-2 SHIFT 
515 SPRING, 1-2 SHIFT CONTROL VALVE 
3/4" x 2-7/16" 
516 VALVE, 1-2 SHIFT CONTROL 
517 SPRING, 1-2 SHIFT CONTROL VALVE 
518 SLEEVE, 1-2 SHIFT CONTROL VALVE 
519 VALVE, 2-3 SHIFT 
520 SEAT, 2-3 SHIFT CONTROL VALVE SPRING 
521 SPRING, 2-3 SHIFT CONTROL VALVE 11/16” x 1-3/4” 
522 VALVE, 2-3 SHIFT CONTROL 
523 SLEEVE, 2-3 SHIFT CONTROL VALVE 
524 VALVE, 3-2 CONTROL 
525 SPRING, 3-2 CONTROL VALVE 7/16” x 1-3/4” 
526 PLUG, 3-2 CONTROL VALVE 
527 VALVE, DETENT PRESSURE REGULATOR 
528 SPRING, DETENT PRESSURE REGULATOR VALVE 
1/2” x 1-5/8" 
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Figure 66 Typical Valve Body 


7A-72 3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 


External Parts 
Figures 69, 70 and 71 


[><] Install or Connect 


Figure 69 
1. Bolts and selector lever roller and spring. 


[al Tighten 
@ Bolts to 13 N-m (116 Ib. in.) 
2. Bolts, reinforcement plate, and ground wire. 
fa] Tighten : 
@ Bolts to 19 N-m (14 Ib. ft.) 
3. Governor pressure switch. 


[a] Tighten 


@ Pressure switch to 10 N-m (89 Ib. in.) 
4. Solenoid tubing, solenoid and bolts. 
O-ring onto tubes, tubes into solenoid 


Tighten 
Bolts to 19 N-m (14 Ib. ft.). 


Important 


Make sure tubing does not interfere with 
manual valve operation. 


5. Electrical connections at solenoid, governor 
pressure switch and case connector. 


oc]. 2). 


138 VALVE, MANUAL : 
139 LINK, MANUAL VALVE 147 SOLENOID & BRACKET ASSEMBLY 
148 WIRING HARNESS 

149 TUBE, SOLENOID TO VALVE BODY 


150 TUBE, SOLENOID TO OIL PUMP 


LHOO35-3L30 


Figure 69 Hookup of Solenoid Pipes and Electrical 
Wires 
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Figure 68 Installing Valve Body 


3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 7A-73 


| 2. 
. “ 4. 


Z ‘s 
Ve 
wy 


: ae iy, 
J ees 


J 8763-1 


MODULATOR 
VALVE BODY & ACCUMULATOR PISTON ASSEMBLY 
PLATE, TRANSFER 
SWITCH, OIL PRESSURE 
VALVE, MANUAL 
LINK, MANUAL VALVE 

ROLLER, MANUAL DETENT 
PLATE, REINFORCEMENT 
SOLENOID & BRACKET ASSEMBLY 
SCREEN, OIL PUMP 
COVER, SERVO PISTON 
GASKET, OIL PAN 

PAN, OIL 


LH0034-3L30-R1 


Figure 70 External Parts 


[><] Install or Connect 
Figures 70 and 71 
Ly 


Servo cover, gasket and bolts. 


[2] Tighten 


@ Bolts to 24.4 N-m (18 Ib. ft.). 
Oil strainer, gasket, and bolts. 


[a] Tighten 


@ Bolts to 18.9 N-m (14 Ib. ft.). 
Oil pan, gasket, and bolts. 


[a] Tighten 


@ Bolts to 11 N-m (98 Ib. in.). 
Torque converter. 


A = 21.2/23.2mm (.83/.91") 
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Figure 71 Proper Converter Installation 
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Figure 72 Case, Valve Body and Lo Servo Piston 


ILL. 
NO. 


101 
$102 
103 
104 
§105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
§137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
§147 
§148 
- §149 


3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 7A-75 


DESCRIPTION 


CASE, TRANSMISSION 

BREATHER, FRONT 

PLUG, PRESSURE CHECK 
CONNECTOR, OIL COOLER 
CONNECTOR, ELECTRICAL ASSEMBLY - 
SLEEVE, REACTION SUN ; 
BUSHING, CASE 

SPRING, VALVE KICKDOWN 

SEAT, SPRING VALVE KICKDOWN 
VALVE KICKDOWN 

SLEEVE, VALVE KICKDOWN 

PIN, VALVE KICKDOWN 

SEAL, VALVE SLEEVE KICKDOWN 
SLEEVE, VALVE MODULATOR 

VALVE, MODULATOR 

PLUNGER, MODULATOR 

SEAL RING, MODULATOR 
MODULATOR 

EXTENSION HOUSING 

SHAFT, PARKING LOCK PAWL 

SPRING, PARKING LOCK PAWL 

PAWL, PARKING LOCK 

ACTUATOR, PARKING LOCK PAWL 
BEARING, EXTENSION 

SEAL RING, EXTENSION OIL 

GASKET, EXTENSION TO CASE 

BOLT, EXTENSION TO CASE 2 
VALVE BODY & ACCUMULATOR PISTON ASSEMBLY 
GASKET, TRANSFER PLATE 

PLATE, TRANSFER 

BOLT, TRANSFER PLATE TO VALVE BODY 
GASKET, TRANSFER PLATE TO CASE 
SPRING, ACCUMULATOR PISTON 
RING, OIL SEAL ACCUMULATOR PISTON 
PISTON, ACCUMULATOR 

PIN, ACCUMULATOR PISTON 

SWITCH, OIL PRESSURE 

VALVE, MANUAL 

LINK, MANUAL VALVE 

LEVER, PARKING LOCK & RANGE SELECTOR 
SHAFT, SELECTOR 

SEAL, SELECTOR SHAFT 

PIN, SELECTOR SHAFT 

NUT, SELECTOR SHAFT 

ROLLER, MANUAL DETENT 

PLATE, REINFORCEMENT 

SOLENOID & BRACKET ASSEMBLY 
WIRING HARNESS 

TUBE, SOLENOID TO VALVE BODY 


NOTE: §: 245MM CONVERTER CLUTCH MODELS ONLY 


t: OPTIONAL 


$: 245MM DIESEL CONVERTER CLUTCH MODELS ONLY 


ILL. 
NO. DESCRIPTION 


ea TUBE, SOLENOID TO OIL PUMP 
151 SEAL, O-RING 

152 BOLT, SERVO COVER & REINF. PLATE 

153 GASKET, OIL SCREEN 

154 SCREEN, OIL PUMP 

155 BOLT, VALVE BODY TO CASE 

156 SPRING, SERVO PISTON RETURN 

157 ROD, SERVO PISTON 

158 SLEEVE, SERVO PISTON ADJUSTING 

159 RETAINER, SERVO PISTON CUSHION SPRING 

160 SEAT, SERVO PISTON CUSHION SPRING 

161 SPRING, SERVO PISTON CUSHION . 


* 162 PISTON, SERVO 


163 RING, SERVO PISTON SEAL 
164 SCREW, SERVO PISTON ADJUSTING 
165 NUT, SERVO PISTON ADJUSTING SCREW 
166 PISTON ASSEMBLY, SERVO 
167 RING, SERVO PISTON RETAINING 
168 GASKET, SERVO PISTON COVER 
169 COVER, SERVO PISTON 
170 GASKET, OIL PAN 
171 MAGNET, OIL PAN 
172 PAN, OIL 
173 SCREW, OIL PAN TO CASE 
+174 GASKET, OIL DRAIN PLUG 
175 PLUG, OIL DRAIN 
$176 SWITCH, OIL PRESSURE 
1177 DRIVE FLANGE 
$178 O-RING, DRIVE FLANGE 
~179 SPACER, DRIVE FLANGE 
180 CIRCLIP, DRIVE FLANGE 
T181 WASHER, DRIVE FLANGE 
182 BOLT, DRIVE FLANGE 
7183 WASHER 


. 184 CLIPS 


+185 BREATHER, REAR 

$186 BAFFLE PLATE 

+187 SCREW, SELF TAPPING 
193 BALL, CHECK 
601 RING, SEAL 
602 GEAR, SPEEDOMETER DRIVEN 
603 GUIDE, SPEEDO DRIVEN GEAR 
604 BUSHING, SPEEDO GUIDE 
605 SCREW, SPEEDO BRACKET 
606 WASHER, SPEEDO BRACKET 
607 BRACKET, SPEEDO & GUIDE 


Figure 73 Case, Valve Body and Lo Servo Piston — Legend 
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LHO107-3L30 


Figure 74 Converter, Pump Assembly and Reverse Clutch 


3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 7A-77 


ILL. 
NO. DESCRIPTION 


201 CONVERTER ASSEMBLY 
202 BOLT, CONVERTER HOUSING TO OIL PUMP 
203 BOLT, CONVERTER HOUSING TO CASE 
204 SEAL, CONVERTER HOUSING 
205 HOUSING, CONVERTER 
206 BUSHING, CONVERTER HOUSING 
207 GASKET, OIL PUMP 
208 PLATE, OIL PUMP WEIR 
209 GEAR, PUMP DRIVEN 
210 GEAR, PUMP DRIVE 
211 PIN, OIL PUMP BOOST SLEEVE RETAINER 
212 SLEEVE, OIL PUMP BOOST 
213 VALVE, OIL PUMP BOOST 
214 SEAT, PRESSURE REGULATOR VALVE SPRING 
215 SPRING, PRESSURE REGULATOR VALVE 
216 VALVE, PRESSURE 

§217 VALVE, CLUTCH CONTROL 

§218 SPRING, CLUTCH CONTROL VALVE 

§219 PLUG, CLUTCH CONTROL VALVE 

§220 PIN, CLUTCH CONTROL VALVE 
222 BODY, OIL PUMP 
223 SEAL, OIL PUMP (OUTER) 
224 WASHER, SELECTIVE THRUST 
225 RING, 2ND CLUTCH OIL SEAL 
226 SEAL, REVERSE CLUTCH PISTON (INNER) 
227 SEAL, REVERSE CLUTCH PISTON (OUTER) 
228 PISTON, REVERSE CLUTCH 
229 SPRING, CLUTCH PISTON RETURN 
230 SEAT, REVERSE CLUTCH PISTON RETURN SPRING 
231 RING, CLUTCH PISTON SPRING SEAT RETAINER 
232 PLATE, REVERSE CLUTCH CUSHION 
233 PLATE, REVERSE CLUTCH (FLAT STEEL) 
234 PLATE, REVERSE CLUTCH (LINED) 
236 PLATE, REVERSE CLUTCH PRESSURE 

237 COVER, PLASTIC 
238 BUSHING, OIL PUMP HUB (FRONT) 
239 BUSHING, OIL PUMP BODY (REAR) 


NOTE: §: 245MM CONVERTER CLUTCH MODELS ONLY 
tT: OPTIONAL 
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Figure 75 Converter, Pump Assembly and Reverse Clutch — Legend 
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Figure 76 Clutch, Sun Gear and Planetary Carrier 


3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 74-79 


ILL. 
NO. DESCRIPTION 


229 SPRING, CLUTCH PISTON RETURN 

302 BUSHING, 2ND CLUTCH HUB 

303 DRUM, 2ND CLUTCH 

304 SEAL, 2ND CLUTCH PISTON (INNER) 

305 SEAL, 2ND CLUTCH PISTON (OUTER) 

306 PISTON, 2ND CLUTCH 

308 SEAT, 2ND CLUTCH PISTON SPRING RETAINER 

309 RING, CLUTCH PISTON SPRING SEAT RETAINER 

310 WASHER, 2ND TO 3RD CLUTCH THRUST 

311 PLATE, 2ND CLUTCH (WAVED) 

312 PLATE, 2ND CLUTCH (LINED) 

313 PLATE, 2ND CLUTCH (STEEL) 

314 SPACER, 2ND CLUTCH 

315 RING, RING GEAR RETAINER 

316 GEAR, RING 

317 WASHER, 2ND TO 3RD CLUTCH THRUST 
§318 O-RING 

319 INPUT SHAFT 

320 SEAL, 3RD CLUTCH PISTON (OUTER) 

321 SEAL, 3RD CLUTCH PISTON (INNER) 

322 PISTON, 3RD CLUTCH 

324 SEAT, 3RD CLUTCH PISTON SPRING RETAINER 

325 RING, CLUTCH PISTON SPRING SEAT RETAINER 

326 PLATE, 3RD CLUTCH (STEEL) 

327 PLATE, 3RD CLUTCH (LINED) 

328 PLATE, 3RD CLUTCH (WAVED) 

329 WASHER, INPUT SHAFT TO SUN GEAR 

330 BEARING, INPUT SUN GEAR 

331 GEAR, INPUT SUN 

333 SPRAG ASSEMBLY, COMPLETE 

335 RING, RACE RETAINING 

336 RACE, 3RD CLUTCH INPUT SPRAG 

337 WASHER, INPUT GEAR TO CARRIER 

338 PLANETARY CARRIER ASSEMBLY 

339 CLIP, SPEEDO GEAR 

340 GEAR, SPEEDO 
$341 RING, RETAINING 


NOTE: §: 245MM CONVERTER CLUTCH MODELS ONLY 
Tt: OPTIONAL 


LHO110-3L30 
Figure 77 Clutch Sun Gear and Planetary Carrier — Legend 


7A-80 3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 


DESCRIPTION F DESCRIPTION 


BEARING, REACTION SUN GEAR GASKET, GOVERNOR 
WASHER, REACTION SUN GEAR RETAINER, SECONDARY VALVE 
DRUM & GEAR REACTION SUN ASSEMBLY BODY, GOVERNOR 
BAND, BRAKE VALVE, SECONDARY 
BUSHING, REACTION DRUM SPRING, SECONDARY 
RING, GOVERNOR SEAL VALVE, PRIMARY 
GOVERNOR ASSEMBLY SCREW, GOVERNOR 
HUB, GOVERNOR RING, GOVERNOR 
SCREEN, GOVERNOR OIL 
LHO111-3L30 


Figure 78 Reaction Sun Gear and Governor 


3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 7A-81 


DESCRIPTION 


VALVE, MANUAL 

LINK, MANUAL 

VALVE BODY 

1-2 ACCUMULATOR PISTON ASSEMBLY 

PIN, RETAINING 

PLUG, 1-2 ACCUMULATOR VALVE 

VALVE, 1-2 ACCUMULATOR 

SPRING, 1-2 ACCUMULATOR VALVE 1/2” x 1-1/16” 
SPRING, DOWNSHIFT TIMING VALVE (HIGH SPEED) 
7/16” x 1-5/16" 

VALVE, DOWNSHIFT TIMING (HIGH SPEED) 

PLUG, TIMING & CONTROL VALVE 

VALVE, DOWNSHIFT TIMING (LOW SPEED) 
SPRING, DOWNSHIFT TIMING VALVE (LOW SPEED) 
7/16" x 1-3/8” 

SPRING, MANUAL LOW CONTROL VALVE 

7/16" x 1-5/16" 

VALVE, MANUAL LOW CONTROL 

VALVE, REVERSE CONTROL 

VALVE, 1-2 SHIFT 

SPRING, 1-2 SHIFT CONTROL VALVE 

3/4" x 2-7/16" 

VALVE, 1-2 SHIFT CONTROL 

SPRING, 1-2 SHIFT CONTROL VALVE 

SLEEVE, 1-2 SHIFT CONTROL VALVE 

VALVE, 2-3 SHIFT 

SEAT, 2-3 SHIFT CONTROL VALVE SPRING 
SPRING, 2-3 SHIFT CONTROL VALVE 11/16” x 1-3/4” 
VALVE, 2-3 SHIFT CONTROL 

SLEEVE, 2-3 SHIFT CONTROL VALVE 

VALVE, 3-2 CONTROL 

SPRING, 3-2 CONTROL VALVE 7/16” x 1-3/4" 
PLUG, 3-2 CONTROL VALVE 

VALVE, DETENT PRESSURE REGULATOR 

SPRING, DETENT PRESSURE REGULATOR VALVE 
1/2" x 1-5/8” 
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Figure 79 Typical Valve Body 
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402 


ps ee 329 330 330 337 401 401 402 
105665 66 6 ¢ 
Sf aay, 


SLEEVE, REACTION SUN 310 WASHER, 2ND TO 3RD CLUTCH THRUST 


107 BUSHING, CASE 317 WASHER, 2ND TO 3RD CLUTCH THRUST 
124 BEARING, EXTENSION 329 WASHER, INPUT SHAFT TO SUN GEAR 
206 BUSHING, CONVERTER HOUSING 330 BEARING, INPUT SUN GEAR 

224 WASHER, SELECTIVE THRUST 337 WASHER, INPUT GEAR TO CARRIER 

238 BUSHING, OIL PUMP HUB (FRONT) 401 BEARING, REACTION SUN GEAR 

239 BUSHING, OIL PUMP BODY (REAR) 402 WASHER, REACTION SUN GEAR 

302 BUSHING, 2ND CLUTCH HUB 405 BUSHING, REACTION DRUM 


LHO112-3L30 


Figure 80 Washer and Bushing Location 


BUSHING REPLACEMENT PROCEDURES _ Converter Housing Bushing 


If during disassembly and inspection of the Figure 81 


transmission, a bushing is found galled, scored or 1. Remove the converter housing bushing, using 
excessively worn, replace the bushing using the tool J 21465-17 with driver handle J 8092, 
following procedures. from the converter side of the housing. 


The replacement bushings used for field service 2. Clean the converter housing thoroughly. Install 
are precision fit and do not require boring or reaming a new converter housing bushing flush with the 
after installation. front face of the housing using tool J 21465-17 

and driver handle J 8092. 


3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 7A-83 


LHO113-3L30 


Figure 81 Removing or Installing Converter Housing 


Bushing 
Pump Assembly Bushing | LHO115-3L30 
Figures 82 and 83 Figure 83 Install Pump Bushing — Front 
Front Bushing . ; Rear Bushing — Inner 


1. Using tool J 29369-1 and J 7004 remove the . 
front pump bushing. Figures 84 and 85 | | 
2. Using tool J 25019-2 and J 8092 install a new 1. Inspect, and if necessary, replace the inner 


ing. pump hub bushing by threading a 3/4 in. 
Ea, Uti. PMBIIINE Sumdard pipe tap such as tool J 23130-5 into 


bushing. 

2. Place the pump on an arbor press with the hub 
down and insert a drift punch through the stator 
shaft. Apply pressure on the drift punch, with 
the arbor press, to remove the bushing. Use rag 
or cloth to protect pump face. 


J 23130-5 


LHO114-3L30 


Figure 82 Removing Pump Bushing — Front 


A DRIFT PUNCH 
B ARBOR PRESS 
C VIEW OF OIL PUMP OPPOSITE SIDE 

222 BODY, OIL PUMP LHO116-3L30 


Figure 84 Removing Pump Bushing — Rear (Inner) 


7A-84 3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 


Second Clutch Bushing 
Figure 86 


1. If necessary, remove the second clutch hub 
bushing using remover and installer J 23130-6 
with driver handle J 8092. 

2. Clean in solvent to remove any foreign matter. 
Install a new second clutch hub bushing using 
tool J 23130-6 and driver handle J 8092. 
io must be driven in until tool bottoms on 

ench. 


LHO118-3L30 


Figure 86 Removing or Installing Second Clutch 
Bushing 


Reaction Sun Gear Drum Bushing 
Figures 87 and 88 
1. Remove the reaction sun gear drum bushing - 


0 peniee Mane with either tool J 8400-1 at the bushing joint or 
B HOLES TO LINE UP WITH SCRIBE MARK with tools J 29369-3 and J 7004. &J 
2. Install a new bushing with installer tool | 
Figure 85 Installing Pump Housing — Rear (Inner) J 23130-2 and driver handle J 8092. Bushing 
must be installed flush with rear face of the sun 
3. Install a new pump hub bushing with the arbor gear drum hub. 


press and tool J 23130-1 (Figure 81) as follows: 


@ Clean the pump body, including all holes 
and pockets thoroughly. Place the pump 
on a bench with hole “A” facing 
downward, scribe a mark on the pump 
shaft inner diameter at the center of the oil 
groove to the right of hole “A”. Scribe a 
mark on the outer diameter of the bushing 
through the center of the small and large 
drilled holes “B”. Place the bushing into 
the pump hub with the small hole up and 
align the scribe mark on the bushing with 
the scribe mark made in the pump shaft. 
Use the arbor press and tool J 23130-1 to 
drive the bushing into the pump shaft until 
it is seated in the bore. 

e@ Care must be taken so that the bushing is 
pressed in eg using the scribe marks 
as a guide until firmly seated. 


403 DRUM & GEAR REACTION SUN ASSEMBLY LHO119-3L30 


Figure 87 Removing Reaction Sun Gear Drum 
Bushing 


3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 7A-8 


3. Remove the reaction sun gear drum bushin 
sleeve, inside rear of case, with cape chise 
J 8400-1. 


@ The case bushing must be removed before 
installing the reaction sun gear drum 
bushing sleeve, because J 23130-7 pilots 
in the bushing bore, not the bushing itself. 

4. Install a new sleeve with installer tool 
, J 23130-7 and J 8092. 


403 DRUM & GEAR REACTION SUN ASSEMBLY 
LHO120-3L30 


Figure 88 Installing Sun Gear Drum Bushing 


Extension Housing Bushing 
Figure 89 
1. Inspect the extension housing bushing. If worn, 
scored or damaged, the bushing can be removed 
with tool J 21424-9 and driver handle J 8092. 
2. Clean the extension housing of dirt or foreign 
matter. Install a new extension housing bushing 
using J 21424-9 with driver handle J 092. The LHO122-3L30 


i h to the shoulder 
SS ice flus Figure 90 Removing or Installing Case Bushing 


LHO123-3L30 


Figure 91 Removing Reaction Sun Gear Drum 
Bushing Sleeve 


LHO121-3L30 


Figure 89 Removing or Installing Extension Housing 
Bushing 
Case Bushing and Reaction Sun Gear Drum 
Bushing Sleeve 
Figures 90, 91 and 92 
1. Remove the bushing with remover and installer 
tool J 23130-3 and driver handle J 8092. 

e@ If the reaction sun gear drum bushing 
sleeve requires ei this must be 
done before installing the case bushing. : 

2. Install a new case pee using tool J 23130-3 77 1HO124.31309 


and driver handle J 8092. The bushing should Figure 92 Installing the Reaction § 
be installed flush with the case at rear. Bushing Sleeve un Gear Drum 


gees Y 
(ON Cu eS, 


J 23130.7 


7A-86 3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 


SPECIFICATIONS 
FASTENER TIGHTENING SPECIFICATIONS 


TORQUE SPECIFICATIONS 


OIL PAN-TO-CASE 

MODULATOR ASSEMBLY 

EXTENSION HOUSING-TO-CASE 

OIL PRESSURE CHECK PLUG 

CONVERTER HOUSING-TO-CYLINDER BLOCK 
TRANSMISSION SUPPORT-TO-EXTENSION 
SHIFT LEVER-TO-SELECTOR LEVER SHAFT 
DETENT CABLE, RETAINER-TO-CASE 

OIL COOLER FITTINGS-TO-CASE 

OIL COOLER FITTINGS-TO-RADIATOR 

OIL COOLER HOSE CLAMPS-TO-COOLER LINES 
SHIFTER ASSEMBLY-TO-CONSOLE 
NEUTRAL SAFETY SWITCH-TO-BRACKET 
LOWER COVER-TO-CONVERTER HOUSING 


FLEXPLATE-TO-CONVERTER 

TRANSFER PLATE-TO-VALVE BODY 

REINFORCEMENT PLATE-TO-CASE 

VALVE BODY-TO-CASE 

SERVO COVER-TO-CASE 

CONVERTER HOUSING-TO-OIL PUMP 

CONVERTER HOUSING-TO-CASE 

SELECTOR LEVER LOCKNUT 

GOVERNOR BODY-TO-GOVERNOR HUB . 

SERVO ADJUSTING BOLT LOCKNUT 14 
GOVERNOR PRESSURE SWITCH 7 
SOLENOID ; 14 
OIL STRAINER 14 


LHO125-3L30 


3L30 (THM 180/180C) AUTOMATIC TRANSMISSION 7A-87 


SPECIAL TOOLS 


J 8763-1 J 23327 J 21465-17 


CONVERTER HOUSING 
BUSHING REMOVER/INSTALLER 


J 23080-A 


TRANSMISSION HOLDING FIXTURE 
J 21369 


CLUTCH PISTON COMPRESSOR 


J 23130-7 


REACTION SUN GEAR 
DRUM BUSHING SLEEVE INSTALLER 


2ND CLUTCH PISTON 
AL INSTALLER 
J 29369-1 


CONVERTER LEAK TEST FIXTURE 


BUSHING REMOVER 


J 8400-1 J 38428 J.23075 
J 23130-2 ) 

CAPE CHISEL REACTION SUNGEAR ~~ 

J 3289-20 DRUM BUSHING INSTALLER 


J 23082-1 
SERVO/3RD CLUTCH - Oo 
PISTON SPRING COMPRESSOR CONVERTER TO OIL 
J 23130-5 PUMP ALIGNMENT TOOL 
HOLDING FIXTURE BASE J 23100 
"J 23130-3 CY ais 
tm 
(CL @ as 
OIL PUMP BUSHING 
REMOVER (3/4 - 14 NP’ VACUUM MODULATOR WRENCH 


REAR CASE BUSHING J 23130-6 J 38450 
REMOVER/INSTALLER / 
J 8092 ) 

2ND CLUTCH DRUM 


BUSHING REMOVER/INSTALLER 
J 23130-1 


ar, 


SPRAG RETAINER RING REMOVER 


OIL PUMP BUSHING 
INSTALLER (FRONT) 


DRIVE HANDLE 
J 21359 


HOUSING OIL SEAL INSTALLER OIL PUMP BUSHING INSTALLER 
J 21426 J 21424-9 


Bp 


EXTENSION HOUSING 
BUSHING REMOVER/INSTALLER 


SNAP RING PLERS 
J 25019-2 


EXTENSION 
HOUSING OIL SEAL INSTALLER 


J 23129 


co TER oluTch DRUM ee 
NVER AGING TOOL 
SEAL REMOVER 
HOUSING SLIDE HAMMER LHO126-3130-R1 


BLANK 


ELECTRICAL 8 - 1 


SECTION 8 
ELECTRICAL 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 


CONTENTS 
SUBJECT PAGE 
Basié Electrical 6 csc vi vse vacewawd en seane cane awe eta e se KOR OE ORES ES DROS SES VE ES VET s 8-1 
igo a ee rrr: rr re rT irerri rT rere re eet ee ee 8-2 
Wire Size Conversion Table .....ccccnccccccccsccnccscenccssccscessccncceeeesssecen 8-3 
Circuit Malfunctions .... 0... ccc ccc cence ween ccc nce recs cece eee eeeeeesseseseeeees 8-4 
Circult Diagnosis ....... ccc cece ene e enn e sc ceeesceneee Terri r Te te caaavasaveus 8-4 
Diagnostic Tools 1.2... cece cece eee e eee e eee e enter ee enaese seen seesecsanses -. 8-5 
Circuit Maintenance and Repalr ........cceececeeeneneecceeccncsceennses TTT eT. cxnen 8-6 
Cab Electrical SystemS ....... cee cece cence rece ener e nee ee ence ee seenesesascereness 8-10 
Fuse BIOCK 2. ccc ccc ccc ccc cect cect cern cence ccc cee eee sea eeeecsesesssnenesese 8-10 — 
Instrument Panel HarnesSeS .......ccccccecneneececesensesenennsenees rete crtt tT 8-10 
Lighting System ........02eeeeeeceeeeeeeenneee eee er err rrrrrre tT TT ee 8-13 
Headlamp System .....-cceeeece cere cerns eens enneeseeecees TPT TC Te 8-13 
Park and Marker Lamp System ......eeeeccsceece nen encc renee senses eesesesesuoneee 8-13 
Turn Signal System ......-eeeeeeeeceeereeeees TTPO CTT TTT TT Tr rie rr 8-13 
Hazard Warning System ...... 0. cece cree reece eee e near ene eee seen eaneccescsseeess 8-13 
Stoplamp System ......--+eeeeeeeeeeces TP eerTTTrIreier riety CLT Te 8-13 
Backup Lamp System ......--seeeeeeeereeecnees STTTTCETTOLET TT eT. 8-13 
Dome and Cargo Lamp Systems ....-..:eee cece cece cen e renee een een eecenneceaannens 8-13 
Diagnosis of Lighting Systems .....--+eeeeee cece cere een n ne eeeeeeeceeeeeeeseteeaens 8-14 
AcceSSOrleS 2.2 cee ce cc eee cee eee eee eee eee eee eea eee eeeeenee errr eeee 8-30 
Windshleld Wiper System ......ce eee e cece e cece cette eee e ee eenneeeneeeeeeneeneens 8-30 
Windshield Washer System .......0e cece cee e cece nen eee eeeeeesneeenessaneneneae 8 - 30 
Heater Blower System .......2 cece cece cece ener e een eeeeanaeeaeneeeessssessenesans 8-30 
Auxillary Fan System ....... cece cece eee cence eee eeeeaneeeeeaaeeaces eee eeeeeee -.. 8-30 
Horn System .... cece cc ccccesssneecccncceesasccsssscccssesesesesessssens aaiene 8 - 30 
Diagnosis of Accessories .......-+++> Perrrrrerr TTC TET Terr Te tr Ty. Saimin ws web el conn 031 
Instrument Panel and GageS .....cseserecceee seen en euasacnceaeaensaneseas i a -. 8-37 
Speedometer ......-- eee reeeeecceneees esata hwuni'w a, wie ue foie a eterat Sale Shee a Oe Wades -... 8=37 
Fuel Gage ......eseeeeees PPerrrrrrrrrrrriie Terrier ree eeccces cunens nen 8 - 37 
Coolant Temperature Gage ......ceeecer cece et eeteeeeeennnennenersasecseesnens ».. 8-37 
Oll Pressure Gage... . eee e cece ence eee tenes enn neneeeseaseeseeressussanane eee. 8-37 
Voltmeter... ccc wc cece reece weet cece eee neeeeeeneeneene eececsecans eer «+ 8-37 
Check Engine Lamp ....--cecceccee eee eee eeeeeneneeen screen teen eeeeeenenaaans 8 - 37 
Brake Warning System ....--eeeeeeeeee re eeeencees PUTS ET TTeT ere ere Lee Cie eee. 8-37 
Diagnosis of Instrument Panel and GageS .......cscceneecceeccece eer i wen wees ere 8-38 
On-Vehicle Service ....-22eeeceeeeeee neces eeenes eererrerTritre et tree eee +s. 8-45 
Horn Replacement ....----+> (iewewnes eee e eee e ence ee eeee eee eet esse ee seeeaes -. 8-45 
Horn Relay Replacement ......0.eece cece e eee eeeeeeere eects neeseeeeesans weeeeeee 82 45 
Speedometer Replacement .....e+e+eeeeeeeeees pee alew ees Rw ale aia sie ewe wR wS teeeeeee 82 45 
Gage and Bulbs Replacement ........2eeeeeeeeeceees TreerrrrrrierirT tee tenses 8246 
Fuel Pump and Sender Replacement ....... Ct MENS WORN EASED DERE SRE RES CORW OR se eeeees 8246 
Coolant Temperature Sensor Replacement .......eeeeeeeeeenesecceees a : 
Oll Pressure Sensor or Switch Replacement ....... eee Cease tewemua we ce erteesesecns ; 8 spe 
Backup Lamp/Neutral Start Switch Replacement ......eceeeseeecenes iw ake Eee ew a 3 ie 


8 - 2 ELECTRICAL 


Hazard Switch Replacement........ PEE TT CTO TOTP TTCUree irre rere eascceese 8-48 
Hazard Flasher Relocation esseece a seires fevieu aura alte eesee eee enanansa eeeseeeeseeeeseen ee eee eeece 8-48 
Specifications ...cccccccccccccncccccccccssnscnvcses Tree Tere ree Te eecesceses 8-49 


Special Tools .... 2... cccccccccccnccnccnaanes 


eseseeseeeeeseeseeeseeee ees eee eseeesceece 8-50 


BASIC ELECTRICAL 


CIRCUITS 


An automotive electrical circuit starts from a supply 
of electricity, travels through a load (light bulb, starter, 
etc.), and then conducts the electricity back to the 
supply. There should be a device to open and close 
the circuit, and a protective device to open and close 
the circuit in case too much current flows in the circuit, 
as in the case of a short. 

Electrical circuits can be set up as series circuits or 
parallel circuits. The circuits in trucks are usually 
parallel circuits. 


SERIES CIRCUITS (Figure 1) 

In series circuits, each electrical device is connected 
in the circuit so that the current can only go along one 
path as it flows from the power supply, around the 
circuit and back to the power supply. 


PARALLEL CIRCUITS (Figure 1) 
In parallel circuits, the electrical devices are 
connected by parallel wires that are joined at the start 


1. Parallel Circuit 
2. Series Circuit 
3. Switches 


Figure 1 — Basic Circuits 


of the circuit. The current divides, and part of it flows 
into each device. With circuits in parallel, each circuit 
can be switched on and off by itself since each circuit 
receives electricity directly from the power supply. 


CIRCUIT COMPONENTS (Figure 2) 

The usual circuit path starts at the power supply 
which is the battery/generator system. Next in the 
Circuit is the circuit protection component which can be 
a fusible link, a fuse, or a circuit breaker. Then the 
Circuit goes to the circuit controller which can be a 
switch or a relay. From the circuit controller the circuit 
goes into the circuit load. The circuit load can be one 
light or many lights in parallel, an electric motor or a 
solenoid. After the electricity has passed through the 
load it must return to the power supply via the ground 
path. The ground path can be a wire in the harness or 
it could be through the load housing into the body or 
frame, thus returning the electricity to the power supply. 
The body and frame are connected by flexible ground 
straps. 


FUSIBLE LINK 

A fusible link is a section of wire that is usually four 
gage sizes smaller than the circuit it protects. A special 
insulation is used that swells when heated by the wire. 
Fusible links are usually found in the engine 
compartment harnesses. The function of the fusible link 
is to melt open when an overload occurs, thus 
preventing any damage to the circuit. 


7. Load 
8. Battery 
9. Ground 


Figure 2 — Circuit Components 


ual 4. Generator 
5. Fuse 
6. Switch 
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FUSES 

The most common protector in the vehicle circuit is 
a fuse. A fuse consists of a fine wire or strip of metal 
inside a glass tube or plastic housing. The strip melts 
and interrupts the flow of current in the circuit when 
there is an overload caused by an unwanted short or 
ground. The fuse is designed to melt before the wiring 
or electrical components in a circuit can be damaged. 
Naturally, the cause must be located and corrected 
before the fuse is replaced or the new fuse will also 
blow. 

Since different circuits handle different amounts of 
current, fuses of various ratings are used. Fuses are 
rated in amperes. Be sure to replace a blown fuse with 
a fuse of the correct ratings. 


CIRCUIT BREAKERS 

Circuit breakers are another form of circuit protector. 
There are two types of circuit breakers; automatic reset 
and remote reset. 

The automatic reset breaker opens when excess 
current heats a bimetallic strip, causing the strip to 
bend and open a set of contacts. Then the strip cools 
and closes the contacts. So the circuit breaker opens 
and closes until the excess current condition is 
corrected or the circuit is disconnected from the power 
supply. 

The remote reset circuit breaker has a heating wire 
wound around the bimetallic strip. When an excess 
current happens, the strip heats, bends, and opens the 
contacts. Then a small current flows through the heat 
wire, keeping the strip hot and the contacts open. This 
type of breaker will stay open until either the power 
supply is disconnected from the circuit or the breaker is 
removed from the circuit. Then the breaker can cool 
and reset. 


CIRCUIT CONTROLLERS 

Circuit controllers consist of switches or relays. 
Switches are usually operated by a mechanical means 
such as a hand or lever. Switches are usually at the 
beginning of a circuit but can be used to control a 
ground path. For example, the switch controlling the 
headlamps is at the power end of the circuit while the 
door switch controlling the dome lamp completes the 
ground path. 

Relays are remotely controlled switches. They are 
used in high current circuits and in circuits controlled by 
sensors. 

Relays are designed so that a small current circuit 
will be able to control a large current circuit. 
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WIRING HARNESS AND WIRES 

Every wire is a specific size with colored or striped 
insulation that is indicated on the wiring diagrams. 
Insulation colors help to trace circuits and to make 
proper connections. Abbreviations and symbols used 
for indicating wire insulation colors and patterns are as 
follows: 


BLK — Black ORN — Orange 
BRN — Brown PPL — Purple 
CHK — Check TR — Tracer 
CR — Cross YEL — Yellow 
‘GRN — Green || — Parallel 
NAT — Natural WHT — White 
DK — Dark BLU — Blue 
SGL — Single STR — Stripe 
GRA — Gray PNK — Pink 


Some wires are grouped and taped together or 
encased in a split plastic casing. This grouping of wires 
is called a harness. For some purposes, it is more 
practical to use a single wire protected by a braided 
tubing called a loom. 

Wiring harnesses are joined by using a multiple plug 
and receptacle connector block, or a terminal post 
chassis junction block. In the instrument panel area 
plastic insulated blade-type connectors and screw-type 
terminals are used. 

Each harness or wire must be held securely in place 
by clips or other holding devices to prevent chafing of 
the insulation. ; 


WIRE SIZE 

Wire size in a circuit is determined by the amount of 
current, the length of the circuit and the voltage drop 
allowed. Wire size is specified using the metric gage. 
The metric gage describes the wire size directly in cross 
section area measured in square millimeters. 


WIRE SIZE 
CONVERSION TABLE 


AWG 
SIZE 


METRIC 
SIZE 


24 
20 
18 
1.0 16 
14 
12 
10 
8 


on 

oO 

° 
=) 
So-=nan 
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CIRCUIT MALFUNCTIONS 


There are three electrical conditions that can cause 
a nonworking circuit; an "Open Circuit, " a "Short 
Circuit," and a "Ground Circuit." 


OPEN CIRCUIT (Figure 3) 

An open circuit occurs whenever there is a break in 
the circuit. The break can be corrosion at the 
connector, a wire broken off in a device, or a wire that 
burned open from too much current. 


SHORT CIRCUIT (Figure 3) 

A short circuit happens when the current bypasses 
part of the normal circuit. This bypassing is usually 
caused by wire touching, salt water in or on a device 
such as a switch or a connector or solder melting and 
bridging conductors in a device. 


OPEN CIRCUIT 


GROUNDED CIRCUIT (Figure 3) 

A ground Circuit is like a short circuit but the current 
flows directly into a ground circuit that is not part of the 
original circuit. This may be caused by a wire rubbing 
against-the frame or body. Sometimes a wire will break 
and fall against metal that is connected electrically to 
the ground side of the power supply. A ground circuit 
may also be caused by deposits of oil, dirt and moisture 
around connections or terminals, which provide a good 
path to ground. 


CIRCUIT DIAGNOSIS 


A clear understanding of the circuit and a wiring 
diagram are needed for effective diagnosis. Use a 
logical sequence of testing to find the trouble. Use the 
diagnostic tools. After the trouble is fixed, make sure the 
Circuit works correctly. 


T 


GROUNDED UNIT 


SHORT CIRCUIT 


Figure 3 — Circuit Malfunctions 
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DIAGNOSTIC TOOLS 


NOTICE: Test lamps are to be used only on 
circuits that do not contain solid-state devices. 
If a test lamp is used in a circuit containing a 
solid-state device, the current that the test lamp 
would draw would be above the current that the 
solid-state device would be able to handle. 
Using a test lamp on a solid-state device may 
destroy the device. 


UNPOWERED TEST LAMP 

This tool consists of a 12 volt lamp with leads. The 
ends of the leads usually have alligator clamps, but 
various kinds of probes, terminal spades, and special 
connectors are used also. 

The unpowered test lamp is used on an open circuit. 
One lead of the test lamp is grounded and the other 
lead is moved around the circuit to find the open. 
Depending on the physical layout of the circuit, 
sometimes it will be easier to start at the power supply 
and other times it is easier to start at the circuit load or 
ground circuit. 


POWER TEST LAMP 

This lamp is a pencil shaped unit with a self- 
contained battery, a 1.5 volt lamp bulb, a sharp probe 
and a ground lead fitted with an alligator clip. 

This test lamp is used mainly for testing components 
that are disconnected from the vehicle power supply. 
The power test lamp is also useful for testing suspected 
high resistance points in a circuit such as connectors 
and ground circuits that are corroded or loose. 


JUMPER 

The jumper is usually a long wire with alligator 
clamps. A version of the jumper has a fuse holder in it 
with a 10 amp fuse. This will prevent damaging the 
circuit if the jumper is connected in the wrong way. 

The jumper is used to locate opens in a circuit. One 
end of the jumper is attached to a power source and 
then the other end is attached to the load in the circuit, 
i.e; lamp, motor. If the load works, try "jumping" to 
circuit points that are progressively closer to the power 
supply. When the circuit loads stops working, the open 
has been located. 

The jumper is also used to test components in the 
circuit such as connectors, switches, and suspected 
high resistance points. 


NOTICE: The following instruments: Ammeter, 
Voltmeter, and Ohmmeter, each have a 
particular application for troubleshooting 
electrical circuits. 

When using an ammeter or voltmeter, and the 
value being tested is unknown, always use the 
highest scale first and work downward to a mid- 
scale reading whenever possible. This will avoid 
damage to the instrument. 


Never use an ohmmeter in a power circuit, or 
as a substitute for a voltmeter or ammeter, as 
damage to the instrument will result. 


METERS 

Three types of meters are generally used for 
diagnosis. They are: 

1. The Voltmeter. 

2. The Ohmmeter. 

3. The Ammeter. 

These meters are available in two designs. They are: 

1. Analog (Needle-Type). 

2. Digital (Electronic Display-Type). 

Analog meters may be used for any circuit not 
containing a solid-state device, while digital meter MUST 
be used to diagnose any circuit containing a solid-state 
device. An analog meter has a low impedance. This will 
affect the readings obtained, because the meter will 
affect circuit performance. An analog meter will also 
cause solid-state devices to fail because of excessive 
current flow. A digital meter has a very high impedance, 
which causes the meter not to affect circuit 
performance. This will also be suitable for testing 
circuits containing solid-state devices, since the current 
draw of the meter will be very small. 


AMMETER (Figure 4) 

Disconnect the circuit from the power source before 
connecting the ammeter. The ammeter measures the 
amount of electrical current, amperes, moving through 
a conductor. The ammeter must be placed in series 
with the circuit being tested. Be sure that the ammeter’s 
positive terminal is connected to the positive (battery) 
side of the circuit and the ammeter’s negative terminal 
is connected to the negative (ground) side of the circuit. 


. Power Source 
11. Circuit Breaker 
12. Switch (Closed) 
13. Ammeter 
14. Load 


Figure 4 — Ammeter Circuit 
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OHMMETER (Figure 5) 

The ohmmeter is an instrument designed to indicate 
resistance in ohms. It is used to test the condition of a 
unit disconnected from the circuit. 


. Power Source 
. Circuit Breaker 
. Switch (Open) 
. Ohmmeter 

. Load 


Figure 5 — Ohmmeter Circuit 


Ohmmeter Calibration 
When the ohmmeter probes are connected together, 
a circuit is completed causing the meter needle to 
deflect. The needle should read ZERO ohms, if it does 
not, rotate the CAL or ADJ knob to ZERO the needle. 
When the probes are held apart, the needle moves 
to the maximum (infinite) resistance side of the scale. 
The meter is now ready to use. 


VOLTMETER (Figure 6) 

The voltmeter (properly observed) will give the 
technician more information than the ammeter, 
ohmmeter and test lamp combined. Its application for 
troubleshooting here is to measure the electrical 
pressure (voltage) drop in a resistance circuit. 


To use a voltmeter for troubleshooting an electrical 
problem, correct it in parallel with the existing circuit. If 
the voltmeter is connected in series with the circuit 
being tested, the nature of the circuit would be changed 
and the reading would have no particular value or use. 
Connect the meter terminals according to polarity as 
shown. 

The dash-mounted voltmeter (in the vehicle) should 
also be observed for monitoring proper operation of the 
generator, battery, cranking motor, and cranking circuit. 
In this application, battery voltage drop can be 
monitored while the engine is cranking; and after the 
engine is running, generator output voltage can be 
monitored. This can be a valuable first step prior to 
diagnosing other electrical problems. 


. Power Source 
. Circuit Breaker 
. Switch (Closed) 
. Voltmeter 

. Load 
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Figure 6 — Voltmeter Circuit 


CIRCUIT MAINTENANCE 
AND REPAIR 


[2 important 


To order harness components not available from 
G.M. Service Parts Operations, contact Packard 
Electric at 1-800-PACKARD (1-800-722-5273). 


MAINTENANCE AND REPAIR 

All electrical connections must be kept clean and 
tight. Loose or corroded connections may cause a 
discharged battery, difficult starting, dim lamps, and 
possible damage to the generator and regulator. Wires 
must be replaced if insulation becomes burned, 
cracked, or deteriorated. 

To splice a wire or repair one that is frayed or 
broken, always use rosin flux solder to bond the splice 
and insulating tape to cover all splices or bare wires. 

When replacing wire, it is important that the correct 
size wire be used as shown on applicable wiring 
diagrams or parts book. Each harness or wire must be 
held securely in place to prevent chafing or damage to 
the insulation due to vibration. 

Never replace a wire with one of a smaller size or 
replace a fusible link with a wire of a larger size. 
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WIRING CONNECTOR TERMINAL 
REPLACEMENT (BLADE-TYPE) 


Remove or Disconnect (Figure 7) 


1. Terminal lock tang. 
2. Terminal (26). 


25. Connector 
26. Terminal 


F-10211 
Figure 7 — Removing Terminals from Connector 


Install or Connect (Figure 8) 


1. Pry up on tang (27). 
2. Terminal into connector. 


27. Terminal Lock Tang 
28. Terminal 


Figure 8 — Resetting Lock Tang 


WIRING CONNECTOR TERMINAL 
REPLACEMENT (TWIN LOCK-TYPE) 


Remove or Disconnect (Figure 9) 


Tools Required: 
J 22727 Terminal Remover 


Connect lock tangs. 
Terminal locks using J 22727. 
Terminal (29). 


all a 


eee 


J 22727 


29. Wire Terminal 
30. Wiring Harness Connector 


F-10213 
Figure 9 — Twin Lock Connector Terminal 


Install or Connect 


1. Pry out the tangs. 
2. Terminal (29) into connector. 


METRI-PACK CONNECTOR REPLACEMENT 
Remove or Disconnect (Figure 10) 


Tools Required: 
J 35689-A Terminal Removed 


Primary lock (32) by lifting. 

Connector body (38). 

Connector seal (31) by pulling seal back onto 

wires away from connector body (38). 

4. Terminal (37) by inserting J 35689 into connector 
body (38) to depress locking tang (40), then push 
wire and terminal through connector body (figure 
10). 

e Snip off old terminal unless terminal is to be 
reused, reshape locking tang. 

5. 5mm (0.2-inch) of wire insulation (46). 


Pr8] clean 


@ Terminal cavity of connector body. 


Pls 


Install or Connect (Figure 10) 


1. Terminal (37) on wire. 

@ Crimp and solder terminal. 

2. Terminal (37) into connector cavity by pulling wire 
on seal side of connector until locking tang (40) is 
fully seated. 

3. Seal (31) by pressing seal into con 
(38) until itis fully seated, ae Bene 

4. Connector until primary lock (32) engages, 
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J 35689-A 


. Connector Seal 41. Roll Crimp 

. Primary Lock 42. Roll Crimp 

. Secondary Lock Staple 43. Terminal 

. Secondary Lock 44. Terminal Insulator 
. Terminal Barrel 45. Wire 

. Secondary Lock 46. 5 mm (0.2 inch) 

. Metri-Pack Series 150 Female Terminal 47. Lock Opened 

. Connector Body 48. Lock Opened 

. Locking Tang 
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Figure 10 — Weather Pack and Metri-Pack Terminals 
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WEATHER-PACK CONNECTORS (Figure 10) 

Special connectors known as_ Weather-Pack 
connectors require a special tool J 28742-A for 
servicing. This special tool is required to remove the pin 
and sleeve terminals. If removal is attempted with an 
ordinary pick, there is a good chance that the terminal 
will be bent or deformed. Unlike standard blade-type 
terminals, these terminals cannot be straightened once 
they are bent. 

Make sure that the connectors are properly seated 
and all of the sealing rings are in place when 
connecting the leads. The hinge-type flap provides a 
back-up, or secondary locking feature for the terminals. 
They are used to improve the connector reliability by 
retaining the terminals if the small terminal lock tangs 
are not positioned properly. 

Molded-on connectors require complete replacement 
of the connection. This means splicing a new connector 
assembly into the harness. Environmental connections 
cannot be replaced with standard connections. 
Instructions are provided with the Weather-Pack 
connector and terminal packages. 

With the low current and voltage levels found in some 
Circuits, it is important that the best possible bond at all 
wire splices be made by soldering the splices. 

Use care when probing the connections or replacing 
terminals in them, it is possible to short between 
opposite terminals. If this happens to the wrong terminal 
part, it is possible that damage may be done to certain 
components. Always use jumper wires between 
connectors for circuit checking. Never probe through 
the Weather-Pack seals. 

When diagnosing for possible open circuits, it is often 
difficult to locate them by sight because oxidation or 
terminal misalignment are hidden by the connectors. 
Merely wiggling a connector on a sensor or in the 
wiring harness may correct the open circuit condition. 
This should always be considered when an open circuit 
is indicated while troubleshooting. Intermittent problems 
may also be caused by oxidized or loose connections. 


Remove or Disconnect (Figure 10) 


Tools Required: 
J 28742-A Terminal Remover 


1. Primary lock (32) by lifting. 

2. Connector sections. 

3. Secondary lock (36) by spreading sides of hasp, 
thus clearing staples and rotating hasp (48). 

4. Terminal (43) by using J 28742-A. 
e Snip off old terminal assembly. 

5. 5mm (0.2-inch) wire insulation (46). 


[ra#|ciean 


e@ Terminal barrel (35). 


Install or Connect (Figure 10) 


Oop wo 


Terminal insulator (44) on wire. Slide insulator 
back on wire about 8 cm (3-inches). 

Terminal (43) on wire. 

@ Roll crimp (42) and solder terminal. 

Terminal insulator (44) and roll crimp (42). 
Terminal into connector. 

Secondary lock (36). 

Connector sections until primary lock (82) 
engages. 


WIRING REPAIR 

The wire repair is very important for continued 
reliable operation of the vehicle. This repair must be 
done as described in the following procedures. 


Twisted Leads (Figure 11) 


[++] Remove or Disconnect 


4s 
2. 
3. 


Jacket (49). 
Twisted wires (50). 
Insulation from wire. 


Install or Connect 


1. 


2. 
3. 


Splice clip (52). 

@ Crimp. 

@ Solder. 

Electrical tape wrap (53) on wires. 
Outer electrical tape wrap (54). 


Twisted Leads/Shlelded Cable (Figure 12) 


[++]Remove or Disconnect 


Pe PS 


Jacket (55). 

Unwrap aluminum/mylar tape (56). 
Drain wire (57). 

Leads. 

Insulation on leads. 


Install or Connect 


OP Of = 


a 


Splice clips. (58). 

Crimp and solder splice clips (59). 

Electrical tape (60) on the splices. 
Aluminum/mylar tape by wrapping and taping. 
Drain wire with a splice clip (61). Crimp and solder 
splice clip. 

Outer jacket electrical tape wrap (62), 
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. Jacket 
50. Twisted Wires 
51. Splice Clip 
52. Crimp and Solder 
53. Electrical Tape Wrap 
. Outer Electrical Tape Wrap 


55. Jacket 

56. Aluminum/Mylar Tape 
57. Drain Wire 

58. Splice Clip 

59. Crimp and Solder 

60. Electrical Tape Wrap 
61. Drain Wire Splice Clip, Crimped 
and Soldered 

. Outer Electrical Tape Wrap 


Figure 12 — Twisted/Shielded Lead Repair 


Figure 11 — Twisted Lead Repair 62 
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FUSE BLOCK INSTRUMENT PANEL 
HARNESSES 
The fuse block is located behind the instrument 
panel, on the far right side. The fuse block is part of The instrument panel harnesses are routed from the 
the instrument panel harness. Refer to figure 13. fuse block, up over the steering column and then along 


the lower edge of the steering column. Refer to figure 
14. 
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. Fuse Panel Front View 8. ECM Fuse 
. Fuse Panel Rear View 9. Taillamps Fuse 
. Turn Signal Flasher 10. Turn/Backup Lamp Fuse 


Emergency Flasher 11. Instrument Lamps Fuse 
Cigar Lighter Fuse — 12. Crank Fuse 

Heater Fuse 13. ECM B Fuse 

Ignition Fuse 14. Hazard Flasher Fuse 
Fan Fuse 15. Wiper Fuse 


NOAS OVA D> 


. Stoplamp Fuse F-10334 
Figure 13 — Fuse Block ; 


. Horn/Lamps Fuse 
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. Vehicle Speed Sensor Connector 26. Turn Signal Connector (Steering Column) 
. Instrument Panel Harness 27. Backup Switch Connector 

. Tape 28. Park/Neutral Switch Connector 

. Fuse Block 29. Stoplamp Switch 

. Horn Relay 30, Stoplamp Switch Connector 

. Horn Relay Connector . 31. Torque Converter Clutch Connector 

. Parking Brake Switch Connector 32. Dimmer Switch Connector 

. Electronic Control Module 33. Windshield Wiper Connector 

. Turn Signal Connector (Instrument Panel) 


F-10316 
Figure 14 — Instrument Panel Harness 


ELECTRICAL 8 - 13 


LIGHTING SYSTEMS 


HEADLAMP SYSTEM 


The headlamps are controlled by a light switch that 
is located on the LH side of the instrument panel. The 
headlamps are halogen and rectangular in shape. 

The headlamp high and low beams are controlled by 
the headlamp dimmer switch which is located on the 
steering column. Refer to STEERING COLUMN (SEC. 
3F1A) for service information on the headlamp dimmer 
switch. 


PARK AND MARKER LAMP SYSTEM 


The park and marker lamp system consists of lamps 
at each corner of the vehicle. The park and marker 
lamps function when the light switch is turned on. 


TURN SIGNAL SYSTEM 


The turn signal system consists of the turn signal 
switch, two flasher units, the hazard warning switch, 
turn lamps located at each corner of the vehicle, and 
indicator lamps in the instrument cluster. 

The turn signals operate in two different conditions. 
The first condition enables the driver to operate the turn 
signals in a conventional manner. The second condition 
enables the driver to utilize the rear turn signals 
simultaneously with the hazard flashers. The rear turn 
signals operate at a different speed than the hazard 
flashers while the front lamps flash in conjunction with 
the hazard flashers. 

The system uses different flasher units for each mode 
of operation. The unit is selected by the position of the 
hazard warning switch. 


HAZARD WARNING SYSTEM 


The hazard warning system consists of an electronic 
flasher unit plugged into the fuse block, a hazard 
warning switch, an indictor lamp on the dash panel, and 
warning lamps on the front and rear of the vehicle. 


NOTICE: Some 1988 through 1990 vehicles (built 
prior to 8/03/90), fuse blocks may be partially 
deformed due to the heat generated by continuous 
operation of the hazard flashers. To prevent further 
damage and correct the condition, the hazard flasher 
may be relocated as explained under "Hazard Flasher 
Relocation." 


STOPLAMP SYSTEM 


The stoplamp system consists of a stoplamp switch 
and lamps at the rear of the vehicle. The stoplamp 
switch is located at the top of the brake pedal and is 
engaged when the brake pedal is depressed. 


BACKUP LAMP SYSTEM 


The backup lamp system consists of a backup lamp 
switch and backup lamps located at the rear of the 
vehicle. The backup lamps are energized when the gear 
shift lever is placed in the "Reverse" position. 


DOME AND CARGO LAMP SYSTEMS 


The drivers compartment dome lamp is controlled by 
the light switch. When the light switch is rotated fully 
counterclockwise the dome lamp will illuminate. 

The cargo lamps operate from either the cargo lamp 
switch located on the dash panel or the load 
compartment lamp switch located inside the right rear 
of the load compartment. The bulkhead door or the roll 
up door must be open for the load compartment lamps 


to operate. 


8 - 14 ELECTRICAL 


. LH Front Lamp Ground 


. Light Switch . LH Headlamp 

. Headlamp Dimmer Switch . RH Front Lamp Ground 
. High Beam Indicator (Instrument Cluster) . RH Headlamp 

. Engine Compartment Ground 


Figure 15 — Headlamps 


DIAGNOSIS OF LIGHTING SYSTEMS 


HEADLAMPS DO NOT ILLUMINATE HIGH OR LOW BEAMS — BOTH SIDES (FIGURE 15 
TEST RESULT a 


Place light switch (2) to ON. Test lamp lights. Pe OTON to step 2. 


Connect a test lamp from YEL wire 

at light switch (2) to ground. Test lamp does not light. LOCATE and REPAIR open in RED 
wire between light switch (2) and 

battery (1). If wire is good, 

REPLACE light switch (2). 


Test lamp lights. REPLACE headlamp dimmer 
switch (3). 
Test lamp does not light. LOCATE and REPAIR open in YEL 


1. 


Connect a test lamp from YEL wire 
at headlamp dimmer switch (8) to 
ground. 


wire between light switch (2) and 
headlamp dimmer switch (3). 


ELECTRICAL 8 - 15 
SS SS, 


LOW BEAM LAMP(S) DO NOT OPERATE (FIGURE 15) 


RESULT ACTION 


Test lamp lights. GO to step 2. 


Test lamp does not light. GO to step 3. 
Test lamp lights. REPLACE headlamp. 


Test lamp does not light. LOCATE and REPAIR open in BLK 
wire between headlamp and 
ground. 


LOCATE and REPAIR open in TAN 
wire between headlamp dimmer 
switch (3) and headlamp. 


Test lamp does not light. REPLACE headlamp dimmer 
. switch. 


HIGH BEAM LAMP(S) DO NOT OPERATE (FIGURE 15 


TEST RESULT ACTION 


1. Place light switch (2) to ON and Test lamp lights. . GO to step 2. 


headlamp dimmer switch (8) to 
HIGH BEAM. Connect a test lamp . 
Test lamp does not light. GO to step 3. 
Test lamp lights. REPLACE headlamp. 


from LT GRN wire at inoperative 
headlamp to ground. 
Test lamp does not light. LOCATE and REPAIR open in BLK 
wire between headlamp and 
ground. 


LOCATE and REPAIR open in LT 
GRN wire between headlamp 
dimmer switch (3) and headlamp. 


REPLACE headlamp dimmer 
switch (3). 


i. 


Place light switch (2) to ON and 
headlamp dimmer switch (3) to 
LOW BEAM. Connect a test lamp 
from TAN wire at inoperative 

headlamp(s) to ground. 


Disconnect headlamp connector. 
Connect a test lamp from TAN 
wire to BLK wire at headlamp 
connector. 


. Connect a test lamp from TAN Test lamp lights. 
wire at headlamp dimmer switch - 


(3) to ground. 


Disconnect headlamp connector. 
Connect a test lamp from LT GRN 
to BLK wire at headlamp 

connector. 


Connect a test lamp from LT GRN | Test lamp lights. 


wire at headlamp dimmer switch 
Test lamp does not light. 


(3) to ground. 


8 - 16 ELECTRICAL 


. Battery . LH Side Marker Lamp 
. Light Switch . LH Turn/Park Lamp 
. LH Front Lamp Ground . RH Turn/Park Lamp 
. RH Front Lamp Ground . RH Side Marker Lamp 


Figure 16 — Front Park and Marker Lamps 
FRONT PARK AND MARKER LAMPS DO NOT OPERATE (FIGURE 16) 


lf one of the lamps is operating, check condition of the inoperative bulb(s). If the bulb(s) are good, LOCATE 
and REPAIR open in BRN or BLK wires for inoperative bulb(s). If none of the lamps operate use the following 
procedure: 


TEST RESULT ACTION 


Place light switch (2) to PARK Test lamp lights. LOCATE and REPAIR open in BRN 
position. Connect a test lamp from wire between splice and light 
BRN wire at light switch (2) to switch (2). 


ground. ; 
LOCATE and REPAIR open in RED 
wires between battery (1) and light 
switch (2). If wires are good, 
REPLACE light switch (2). 


Test lamp does not light. 


ELECTRICAL 8 -17 


21 22 


Brake. 


LTBLU +5 DK BLU 
/ORN i 


DK BLU/RED 


DK BLU/YEL 
PPL 
PPL/YEL—+ PPL/RED 


. Engine Compartment Ground . Turn Signal Switch 

. LH Front Lamp Ground . LH Rear Turn Lamp 
. RH Front Lamp Ground . RH Rear Turn Lamp 
. LH Side Marker Lamp . Rear Lamps Ground 


. LH Turn/Park Lamp . Turn Signal Flasher 
. RH Turn/Park Lamp . Left Turn Indicator (I/P Cluster) 


. RH Side Marker Lamp . Right Turn Indicator (I/P Cluster) 
. Turn Backup Lamp Fuse . Turn Signal Flasher 
. Hazard Warning Switch 


Figure 17 — Turn Signals 


8 - 18 ELECTRICAL 


TURN SIGNALS DO NOT OPERATE AT ALL (FIGURE 1 


TEST RESULT ACTION 


1. Place ignition switch to RUN and __| Test lamp lights. GO to step 2. 


turn signal switch (16) to LEFT 

TURN position. Connect a test 

lamp from DK BLU wire at hazard | Test lamp does not light. CHECK condition of TURN 

warning switch (15) to ground. BACKUP LAMP fuse. If fuse is 
good, LOCATE and REPAIR open 
in DK BLU wire between fuse block 

and hazard warning switch (15). 


Test lamp lights. GO to step 3. 


Test lamp does not light. LOCATE and REPAIR open in DK 
BLU/YEL wire between hazard 

warning switch (15) and turn signal 
flasher (20). 


Test lamp flashes. REPLACE turn signal switch (16). 


Test lamp does not light. LOCATE and REPAIR open in 
either PPL or PPL/YEL wires 
between turn signal flasher (20) 
and turn signal switch (16). If wire 
is good, REPLACE turn signal 
flasher (20). 


Connect a test lamp from DK 
BLU/YEL wire at turn signal flasher 
(20) to ground. 


Connect a test lamp from PPL wire 
at turn signal switch (16) to 
ground. 


LH FRONT TURN SIGNALS DO NOT OPERATE (FIGURE 1 


TEST RESULT ACTION 


Place ignition switch to RUN and Indicator flashes. GO to step 3. 

turn signal switch to LEFT TURN : 3 

position. Observe left turn Indicator lights but does not flash. | CHECK condition of bulbs. 
Indicator does not light. GO to step 2. 


indicator on cluster. 

Test lamp flashes. LOCATE and REPAIR open in LT 
BLU (LT BLU/ORN on body 
number 7207136 and prior) wires 
between turn signal switch (16) 
and hazard warning switch (15). 


Test lamp does not light. REPLACE turn signal switch (16). 


Connect a test lamp from BLK wire | Test lamp flashes. LOCATE and REPAIR open in BLK 
at LH turn/park lamp (11) to wire between splice and LH front 
ground. lamp ground (6). 


LOCATE and REPAIR open in LT 
BLU (LT BLU/ORN on body 
number 7207136 and prior) wires 
between LH front lamps and 
hazard warning switch (15). If wires 
are good, REPLACE hazard 
warning switch (15). 


Connect a test lamp from cavity 
with 2 LT BLU (LT BLU/ORN on 
body number 7207136 and prior) 
wires at turn signal switch (16) to 
ground. 


Test lamp does not flash. 


ELECTRICAL 8 - 19 


RH FRONT TURN SIGNALS DO NOT OPERATE (FIGURE 1 


1. Place ignition switch to RUN and __| Indictor flashes. GO to step 3. 
turn signal switch (16) to RIGHT : : 
TURN position. Observe right turn | !ndictor lights but does not flash. | CHECK condition of bulbs. 
Indicator does not light. GO to step 2. 


indicator on cluster. 
Test lamp flashes. LOCATE and REPAIR open in DK 


BLU (DK BLU/ORN on body 
Test lamp does not light. 


numbers 7207136 and prior) wires 
. Connect a test lamp from BLK wire | Test lamp lights. 


between turn signal switch (16) 
and hazard warning switch (15). 
at RH turn/park lamp (12) to 
ground. 


. Connect a test lamp from cavity 
with 2 DK BLU (DK BLU/ORN on 

body number 7207136 and prior) 
wires at turn signal switch (16) to 
ground. 


REPLACE turn signal switch (16). 


LOCATE and REPAIR open in BLK 
wire between splice and RH front 
lamps ground (8). 


LOCATE and REPAIR open in DK 
BLU (DK BLU/ORN on body 
number 7207136 and prior) wires 
between RH front lamps and 
hazard warning switch (15). If wires 
are good, REPLACE hazard 
warning switch (15). 


Test lamp does not light. 


LH REAR TURN SIGNALS DO NOT OPERATE (WITHOUT HAZARD FLASHERS) (FIGURE 1 


TEST RESULT ACTION 


1. Place ignition switch to RUN, turn | Test lamp lights. GO to step 2. 


signal switch (16) to LEFT TURN 
and hazard warning switch (15) to 

OFF. Connect a test lamp from DK | Test tamp does not light. LOCATE and REPAIR open in DK 
BLU/YEL wire at turn signal flasher BLU/YEL wire between hazard 
(20) to ground. warning switch (15) and turn signal 
flasher (20). If wire is good, 
REPLACE hazard warning switch 
(15). 


Test lamp flashes. GO to step 3. 


Test lamp does not light. LOCATE and REPAIR open in PPL 
or PPL/YEL wires between turn 
signal flasher (20) and turn signal 
switch (16). If wires are good, 
REPLACE turn signal flasher (20). 


CHECK condition of bulb. If bulb is 
good, LOCATE and REPAIR open 
in BLK wire between LH rear turn 
lamp (17) and splice. 


LOCATE and REPAIR open in YEL 
wire between LH rear turn lamp 
(17) and ey Signal switch (16). If 
wire is good, REPLACE turn si 
switch (16). sha 


. Connect a test lamp from PPL wire 
at turn signal switch (16) to 
ground. 


.° Connect a test lamp from YEL wire | Test lamp flashes. 
at LH rear turn lamp (17) to 
ground. 


Test lamp does not light. 


8 - 20 ELECTRICAL 


LH REAR TURN SIGNALS DO NOT OPERATE (WITH HAZARD FLASHERS) (FIGURE 1 


TEST RESULT ACTION 


1. Place ignition switch to RUN, turn | Test lamp lights. GO to step 2.-— 


signal switch (16) to LEFT TURN 
and hazard warning switch (15) to 
Test lamp does not light. LOCATE and REPAIR open in DK 
BLU/RED wire between hazard 


ON. Connect a test lamp from DK 

BLU/RED wire at turn signal 

flasher (23) to ground. warning switch (15) and turn signal 
flasher (23). If wire is good, 
REPLACE hazard warning switch 
(15). 


Test lamp flashes. GO to step 3. 


Test lamp does not light. LOCATE and REPAIR open in PPL 
or PPL/RED wires between turn 
signal flasher (23) and turn signal 
switch (16). If wires are good, 
REPLACE turn signal flasher (23). 


CHECK condition of bulb. If bulb is 
good, LOCATE and REPAIR open 
in BLK wire between LH rear turn 
lamp (17) and splice. 


LOCATE and REPAIR open in YEL 
wire between LH rear turn lamp 

(17) and turn signal switch (16). If 
wire is good, REPLACE turn signal 
switch (16). 


Connect a test lamp from PPL wire 
at turn signal switch (16) to 
ground. 


Connect a test lamp from YEL wire | Test lamp flashes. 
at LH rear turn lamp (17) to 
ground. 


Test lamp does not light. 


ELECTRICAL 8 - 21 


RH REAR TURN SIGNALS DO NOT OPERATE (WITHOUT HAZARD FLASHERS) (FIGURE 1 


TEST RESULT ACTION 


1. Place ignition switch to RUN, turn | Test lamp lights. GO to step 2. 


signal switch (16) to RIGHT TURN 
and hazard warning switch (15) to 

Test lamp does not light. LOCATE and REPAIR open in DK 
BLU/YEL wire between hazard 


OFF. Connect a test lamp from DK 
BLU/YEL wire at turn signal flasher 

warning switch (15) and turn signal 
flasher (20). If wire is good, 


(20) to ground. 
REPLACE hazard warning switch 
(15). 


Test lamp flashes. GO to step 3. 


Test lamp does not light. LOCATE and REPAIR open in PPL 
or PPL/YEL wires between tum 
signal flasher (20) and turn signal 
switch (16). If wires are good, 
REPLACE turn signal flasher (20). 


CHECK condition of bulb. If bulb is 
good, LOCATE and REPAIR open 
in BLK wire between RH rear turn 
lamp (18) and splice. 


LOCATE and REPAIR open in DK 
GRN wire between RH rear tum 
lamp (18) and turn signal switch 
(16). If wire is good, REPLACE turn 
signal switch (16). 


. Connect a test lamp from PPL wire 
at turn signal switch (16) to 
ground. 


. Connect a test lamp from DK GRN | Test lamp flashes, 
wire at RH rear turn lamp (18) to 
ground. 


Test lamp does not light. 


8 - 22 ELECTRICAL 


RH REAR TURN SIGNALS DO NOT OPERATE (WITH HAZARD FLASHERS) (FIGURE 1 


RESULT ACTION 


Test lamp lights. GO to step 2. | 


Test lamp does not light. LOCATE and REPAIR open in DK 
BLU/RED wire between hazard 
warning switch (15) and turn signal 
flasher (23). If wire is good, 
REPLACE hazard warning switch 
(15). : 


Test lamp flashes. GO to step 3. 


Test lamp does not light. LOCATE and REPAIR open in PPL 
or PPL/YEL wires between turn 
signal flasher (23) and turn signal 
switch (16). If wires are good, 
REPLACE turn signal flasher (23). 


CHECK condition of bulb. If bulb is 
good, LOCATE and REPAIR open 
in BLK wire between RH rear turn 
lamp (18) and splice. 


LOCATE and REPAIR open in DK 
GRN wire between RH rear turn 
lamp (18) and turn signal switch 
(16). If wire is good, REPLACE turn 
signal switch (16). ; 


1. Place ignition switch to RUN, turn 
signal switch (16) to RIGHT TURN 
and hazard warning switch (15) to 
ON. Connect a test lamp from DK 
BLU/RED wire at turn signal 


flasher (23) to ground. 


Connect a test lamp from PPL wire 
at turn signal switch (16) to 
ground. 


Connect a test lamp from DK GRN | Test lamp flashes. 
wire at RH rear turn lamp (18) to 
ground. 


Test lamp does not light. 


ELECTRICAL 8 - 23 


DK GRN/WHT 
YEL/RED 


BLK ax) 
28 | 27 
149 


. Engine Compartment Ground . Hazard Warning Switch 

. LH Front Lamps Ground . Rear Lamps Ground 

. RH Front Lamps Ground . Hazard Flasher Fuse 

. LH Side Marker Lamp . Hazard Flasher 

. LH Turn/Park Lamp . Hazard Warning Indicator Lamp 
. RH Turn/Park Lamp . RH Rear Hazard Lamp 

. RH Side Marker Lamp . LH Rear Hazard Lamp 


Figure 18 — Hazard Flashers 


8 - 24 ELECTRICAL 


NONE OF THE HAZARD FLASHERS OPERATE (FIGURE 18 


TEST RESULT ACTION 


1. Place hazard warning switch (15) | Test lamp flashes. LOCATE and REPAIR open in BRN 
to ON. Connect a test lamp from wire between hazard flasher (25) 
BRN wire at hazard flasher (25) to and hazard warning switch (15). If 
ground. wire is good, REPLACE hazard 
warning switch (15). 


CHECK condition of HAZARD 
FLASHER fuse (24). If fuse is 
good, LOCATE and REPAIR open 
in ORN wire between fuse block 
and hazard flasher (25). If wire is 
good, REPLACE hazard flasher 
(25). 


Test lamp does not light. 


REAR HAZARD FLASHERS DO NOT OPERATE (FIGURE 18 


TEST RESULT ACTION 


1. Place hazard warning switch (15) | Lamp flashes. LOCATE and REPAIR open in BLK 
to ON. Observe hazard warning wire between splice and rear 
indicator lamp. lamps ground (19). 


LOCATE and REPAIR open in LT 
BLU/BLK wire between hazard 

warning switch (15) and splice. If 
wire is good, REPLACE hazard 
warning switch (15). 


Lamp does not flash. 


ELECTRICAL 8 - 25 


30. LH Tail/Stoplamp 
2. Light Switch 31. RH Tail/Stoplamp 
19. Rear Lamp Ground 32. RH Rear Side Marker 
29. LH Rear Side Marker 


F-10321 


Figure 19 — Rear Park and Marker Lamps 
REAR PARK AND MARKER LAMPS DO NOT OPERATE (FIGURE 19) 


If one of the lamps is operating, check condition of the inoperative bulb(s). If the bulbs are good, LOCATE st 
REPAIR open in BRN or BLK wires for inoperative bulb(s). If none of the lamps operate use the following procedure. 


TEST RESULT ACTION 
1. Place light switch (2) to PARK Test lamp lights. GO to step 2. 


position. Connect a test lamp from 
BRN wire at light switch (2) to Test lamp does not light. LOCATE and REPAIR open in RED 
ground. wires between battery (1) and light 
switch (2). If wires are good, 
REPLACE light switch (2). 


LOCATE and REPAIR open in BLK 
wire between splice and rear 
lamps ground (19). 


LOCATE and REPAIR open in BRN 
wire between splice and light 
switch (2). 


Test lamp lights. 


Connect a test lamp from any rear 
park or marker lamp to ground. 


Test lamp does not light. 


8 - 26 ELECTRICAL 


LT eae a5 
BLK 


LT BLU 36 


BLK 


LT BLU 37 


BLK BLK 
= 19 


19. Rear Lamps Ground’ 35. RH Tail/Stoplamp 
33. Stoplamp Fuse 36. Center Stoplamp 
34. Stoplamp Switch 37. LH Tail/Stoplamp 


Figure 20 — Stoplamps 


STOPLAMPS DO NOT OPERATE (FIGURE 20 


TEST RESULT © ACTION 
1. Connect a test lamp from ORN Test lamp lights. GO to step 2. 


wire at stoplamp switch (34) to 

ground. Test lamp does not light. CHECK condition of STOPLAMPS 
fuse. If fuse is good, LOCATE and 

REPAIR open in ORN wire 

between fuse block and stoplamp 

switch (34). 


Test lamp lights. GO to step 3. 
Test lamp does not light. REPLACE stoplamp switch (34). 


Test lamp lights. LOCATE and REPAIR open in BLK 
wire between splice and rear 
lamps ground (19). 


LOCATE and REPAIR open in LT 
BLU wire between splice and 
stoplamp switch (34). 


. Connect a test lamp from LT BLU 
wire at stoplamp switch (34) to 
ground. Depress brake pedal. 


. Connect a test lamp from LT BLU 
wire at center stoplamp (36) to 
ground. 


Test lamp does not light. 


ELECTRICAL 8 - 27 


. Turn/Backup Lamp Fuse 
. Rear Lamps Ground 

. Backup Lamp Switch 

. RH Backup Lamp 

. LH Backup Lamp 


Figure 21 — Backup Lamps 


BACKUP LAMPS DO NOT OPERATE (FIGURE 21 


; TEST RESULT ACTION 


1. Place ignition switch to RUN and | Test lamp lights. GO to step 2. 


transmission in REVERSE. 

Connect a test lamp from DK BLU ; — 

wire at backup lamp switch (38) to | Test lamp does not light. CHECK condition of 

ground. TURN/BACKUP LAMP fuse. If fuse 
is good, LOCATE and REPAIR 
open in DK BLU wire between fuse 
block and backup lamp switch 
(38). 


Test lamp lights. GO to step 3. 
Test lamp does not light. REPLACE backup lamp switch 
(38). 


. Connect a test lamp from LT GRN | Test lamp lights. LOCATE and REPAIR open in BLK 
wire at either backup lamp to wire between splice and rear 
ground. lamps ground (19). 


. Connect a test lamp from GRN 
wire at backup lamp switch (88) to 
ground. - 


Test lamp does not light. LOCATE and REPAIR open j 
or LT GRN wires between paki 


lamp switch (38) and backup lamp. 


8 - 28 ELECTRICAL 


WHT/BLK 


42 


. Light Switch . Load Compartment Dome Lamp Switch 
. Engine Compartment Ground . Load Compartment Dome Lamp 

. Horn/Lamps Fuse . Load Compartment Dome Lamp 

. Driver Compartment Dome Lamp . Bulkhead Door Switch 

. Cargo Lamp Switch . Rollup Door Switch 


F-10324 
Figure 22 — Dome Lamps 


DRIVER COMPARTMENT DOME LAMP DOES NOT OPERATE (FIGURE 22 


TEST RESULT ACTION 
1. Rotate light switch (2) to DOME Test lamp lights. GO to step 2. 


position. Connect a test lamp from 

ORN wire at driver compartment Test lamp does not light. CHECK condition of bulb and 

GOI Fern (=) to groune HORN/LAMPS fuse (41). If bulb 
and fuse are good, LOCATE and 

REPAIR open in ORN wire 

between fuse block and driver 

compartment dome lamp (42). 


LOCATE and REPAIR open in BLK 
wire between light switch (2) and 
engine ground (5). 


LOCATE and REPAIR open in: 
WHT/BLK wire between light switch 
(2) and driver compartment dome 

lamp (42). If wire is good 
REPLACE light switch (2). 


Connect a test lamp from BLK wire | Test lamp lights. 
at light switch (2) to ground. 


Test lamp does not light. 


ELECTRICAL 8 - 29 


BOTH LOAD COMPARTMENT DOME LAMPS DO NOT OPERATE (FIGURE 22 


TEST | CORESULT | ACTION 
1, Open bulkhead and rollup doors. ———_ er lamp lights. Nee to step 2. 
Connect a test lamp from ORN 


wire at cargo lamp switch (43) to 


ground Test lamp does not light. CHECK condition of HORN/LAMPS 


fuse (41). If fuse is good, LOCATE 
and REPAIR open in ORN wire 
between fuse block and cargo 
lamp switch (43). 


Test lamp lights for one wire. GO to step 3. 
Test lamp does not light for either | REPLACE cargo lamp switch (43). 
wire. 


Test lamp lights for one wire. REPLACE load compartment dome 
lamp switch. 


Test lamp does not light for either | LOCATE and REPAIR open in wire 
wire. that had power in step 2 between 
cargo lamp switch (43) and load 

compartment dome lamp switch 


(44). 


. Connect a test lamp from both 
ORN/BLK and PPL/WHT wires at 
cargo lamp switch (43) to ground. 


. Connect a test lamp from both 
ORN/BLK and PPL/WHT wires at 
load compartment dome lamp 
switch (44) to ground. 


ONE LOAD COMPARTMENT DOME LAMP DOES NOT OPERATE (FIGURE 22 
RESULT ACTION 
1. Open bulkhead and rollup doors. | Test lamp lights. CHECK condition of bulb. If bulb is 
Toggle cargo lamp switch (43) good, LOCATE and REPAIR open 
in BLK wire between inoperative 


until operative load compartment 
dome lamp illuminates. Connect a cord compartment dome lamp and 
splice. 


test lamp from BRN/WHT wire at 
INOPETERNS JO8G GENPAnITIEN Test lamp does not light. LOCATE and REPAIR open in 


BRN/WHT wire between load 
compartment dome lamp switch 
(44) and inoperative load 
compartment dome lamp. 


dome lamp to ground. 


8 - 30 ELECTRICAL 


ACCESSORIES 


WINDSHIELD WIPER 
SYSTEM 


The windshield wiper system consists of a permanent 
magnet, wiper motor which is mounted on the cowl. 

The motor drives a crank arm which is attached to a 
transmission and link assembly that causes the wipers 
to operate. 

Actuating the washer portion of the column switch 
completes the washer pump motor circuit to ground 
and mechanically moves the wiper switch to the low 
speed position. This dual function starts the wiper motor 
and washer operation at the same time. The washer 
pump runs only while the washer switch is activated. 


HEATER BLOWER SYSTEM 


The heater blower has two speeds of operation 
controlled by the operator. The heater blower system 
consists of a blower motor, resistor block assembly, and 
a control switch. 


. Wiper Fuse 

. Wiper/Washer Switch 

. Wiper Motor 

. Washer Pump 

. LH Front Lamps Ground 


Figure 23 — Windshield Wipers and Washers 


AUXILIARY FAN SYSTEM 


The auxiliary fan is controlled from a dash-mounted 
switch. The switch enables the driver to select either 
high or low speed for the fan. The system consists of 
the auxiliary fan and control switch. 


HORN SYSTEM 


The horn system consists of a horn, horn relay and 
horn button. When the horn button is pressed, a 
ground is applied to the horn relay causing it to 
energize. This provides voltage to the horn which then 
sounds for as long as the horn button is depressed. 


F-10325 


ELECTRICAL 8 - 31 
DIAGNOSIS OF ACCESSORIES 


WIPERS DO NOT OPERATE IN ANY MODE (FIGURE 23 


TEST RESULT ACTION 


1. Place ignition switch to ACC and _ | Test lamp lights. GO to step 2. 


wiper/washer switch (2) to LOW. 
Test lamp does not light. CHECK condition of WIPER fuse 


Connect a test lamp from WHT 
wire at wiper/washer switch (2) to 

(1). If fuse is good, LOCATE and 
REPAIR open in WHT wire 


ground. 
between fuse block and 
wiper/washer switch (2). 


Test lamp lights GO to step 3. 
Test lamp does not light REPLACE wiper/washer switch (2). 


Test lamp lights. GO to step 4. 
Test lamp does not light. REPLACE wiper/washer switch (2). 


Test lamp lights. REPLACE wiper motor (3). 


LOCATE and REPAIR open in 
WHT wire between fuse block and 
wiper motor (3). 


Connect a test lamp from GRA 
wire at wiper/washer switch (2) to 
ground. ’ 


Place wiper/washer switch (2) to 
HI. Connect a test lamp from PPL 
wire at wiper/washer switch (2) to 
ground. 


. Connect a test lamp from WHT 
wire at wiper motor (3) to ground. 


Test lamp does not light. 


WIPERS DO NOT OPERATE IN LO SPEED (FIGURE 23 
RESULT ACTION 
. Place ignition switch to ACC and _ | Test lamp lights. LOCATE and REPAIR open in GRA 
wiper/washer switch (2) to LOW. wire between wiper/washer switch 


Connect a test lamp from GRA (2) and wiper motor (3). If wire is 
wire at wiper/washer switch (2) to good, REPLACE wiper motor (3). 


ground. Test lamp does not light. REPLACE wiper/washer switch (2). 


WIPERS DO NOT OPERATE IN HI SPEED (FIGURE 23 
RESULT 


ACTION 


LOCATE and REPAIR open in PPL 
wire between wiper/washer switch 
(2) and wiper motor (3). If wire is 
good, REPLACE wiper motor (3). 


REPLACE wiper motor (3). 


Test lamp lights. 


Test lamp does not light. 


. Place ignition switch in ACC and 
wiper/washer switch (2) to HI. 
Connect a test lamp from PPL wire 
at wiper/washer switch to ground. 


8 - 32 ELECTRICAL 


WASHER PUMP DOES NOT OPERATE (FIGURE 23 


TEST RESULT ACTION 


1. Place ignition switch to ACC. Test lamp lights. CHECK condition of WIPER fuse 
Connect a test lamp from WHT (1). If fuse is good, LOCATE and 
wire at wiper/washer switch (2) to REPAIR open in WHT wire 

ground. between fuse block and 

wiper/washer switch (2). 


Test lamp does not light. GO to step 2. 


Test lamp lights. LOCATE and REPAIR open in BLK 
wire between washer pump (4) 
and LH front lamps ground (5). If 
wire is good, REPLACE washer 


pump (4). 


LOCATE and REPAIR open in PNK 
wire between wiper/washer switch 
(2) and washer pump (4). If wire is 
good, REPLACE wiper/washer 

switch (2). 


Connect a test lamp from PNK 
wire at washer pump (4) to 
ground. 


Test lamp does not light. 
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. Heater Fuse 

. Blower Switch 

. Blower Resistor Assembly 
. Blower Motor 

. Blower Motor Ground 


Figure 24 — Heater Blower 


BLOWER DOES NOT OPERATE IN ANY MODE (FIGURE 24 


TEST RESULT ACTION 
1. Place ignition switch to RUN and | Test lamp lights. GO to step 2. 


blower switch (7) to Hl. Connect a 
test lamp from BRN wire at blower | tect jamp does not light. CHECK condition of HEATER Fuse 
switch (7) to ground. (6). If fuse is good, LOCATE and 
REPLACE open in BRN wire 
between fuse block and blower 
switch (7). 


Test lamp lights. GO to step 3. 


Test lamp does not light. LOCATE and REPAIR open in ORN 
wire between blower switch (7) 
and blower resistor assembly (8). If 
wire is good REPLACE blower 
switch (7). 


LOCATE and REPAIR open in BLK 
wire between blower motor (9) and 
blower motor ground (10). If wire is 
good, REPLACE blower motor (9). 


LOCATE and REPAIR open j 
wire between blower ee ec 


aa (8) and blower motor 


. Connect a test lamp from ORN 
wire at blower resistor assembly 
(8) to ground. 


Connect a test lamp from ORN Test lamp lights. 


wire at blower motor (9) to 
ground. 


Test lamp does not light. 
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BLOWER DOES NOT OPERATE IN LOW (FIGURE 24 


TEST RESULT ACTION 


1. Place ignition switch to RUN and Test lamp lights. REPLACE blower resistor 
assembly (8). 


blower switch (7) to LOW. 

Connect a test lamp from YEL wire . 

at blower resistor assembly (8) to | Test lamp does not light. - | LOCATE and REPAIR open in YEL 

ground. wire between blower switch (7) 
and blower resistor assembly (8). If 
wire is good, REPLACE blower 

switch (7). 


BLOWER DOES NOT OPERATE IN HI (FIGURE 24 


TEST RESULT ACTION 


1. Place ignition switch to RUN and _| Test lamp lights. LOCATE and REPAIR open in ORN 
blower switch (7) to HI. Connect a wire between blower switch (7) 
test lamp from ORN wire at blower and blower resistor assembly (8). 


switch (7) to ground. : : 
Test lamp does not light. REPLACE blower switch (7). 
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LT BLU 


PPL/WHT 


11. Fan Fuse 
12. Auxiliary Fan Switch 
13. Auxiliary Fan 


F-10327 


Figure 25 — Auxiliary Fan 


AUXILIARY FAN DOES NOT OPERATE IN LOW (FIGURE 25 
RESULT ACTION 


1. Place auxiliary fan switch (12) to Test lamp lights. LOCATE and REPAIR open in 
LOW. Connect a test lamp from PPL/WHT wire between auxiliary 
PPL/WHT wire at auxiliary fan fan switch (12) to auxiliary fan (13). 
switch (12) to ground. : na - good, REPLACE auxiliary 

an (13). 


Test lamp does not light. CHECK condition of FAN Fuse 
(11). If fuse is good, LOCATE and 
REPAIR open in PPL wire between 
fuse block and auxiliary fan switch 
(12). If wire is good. REPLACE 
auxiliary fan switch (12), 
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ORN/BLK 


14. Horn/Lamps Fuse 
15. Horn Switch 

16. Horn Relay 

17. Horn 


Figure 26 — Horn 


HORN DOES NOT OPERATE (FIGURE 26 


TEST RESULT ACTION 
1. Connect a test lamp from Test lamp lights. GO to step 2. 


ORN/BLK wire at horn relay (16) to 

ground. Test lamp does not light. CHECK condition of HORN/LAMPS 
fuse (14). If fuse if good, LOCATE 

and REPAIR open in ORN/BLK 

wire between fuse block and horn 

relay (16). 


No continuity. LOCATE and REPAIR open in BLK 
wire between horn switch (15) and 
horn relay (16). If wire is good, 
REPLACE horn switch (15). 


Test lamp lights. REPLACE horn (17). 


Test lamp does not light. LOCATE and REPAIR open in DK 
GRN wire between horn (17) and 
horn relay (16). If wire is good, 

REPLACE horn relay (16). 


2. Connect an ohmmeter from BLK 
wire at horn relay (16) to ground. 
Press horn button. 


Connect a test lamp from DK GRN 
wire at horn (17) to ground. Press 
horn button. 
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INSTRUMENT PANEL AND GAGES 


SPEEDOMETER 


The speedometer is a mechanical instrument that is 
driven by a speedometer cable. The speedometer 
cable is connected to a drive gear in the transmission. 
The speedometer cable is retained at the speedometer 
with a push-on ferrule. 


FUEL GAGE 


The fuel gage is an electrical instrument that 
measures an electrical current from a_ variable 
resistance in the fuel tank. The variable resistance is 
controlled by a float. When the fuel tank is full, the 
resistance is low and maximum current flows to the fuel 
gage. The fuel gage pointer is moved to its maximum 
position, which is FULL on the gage face. 


FUEL GAGE SENDER 

The fuel gage sender is attached to the top of the 
fuel tank. The sender is retained with a cam lock ring. 
A seal is used between the tank and the sender. 

The sender will have three places to attach hoses. 
One line is for the fuel feed line. The second line is 
connected to the vapor canister. The third line is used 
as a fuel return line to the fuel tank. 


COOLANT TEMPERATURE GAGE 


The coolant temperature gage is an electrical gage 
which measures current flowing from a_ variable 
resistance sender inthe engine coolant jacket. The 
sender is located at the left rear corner of the cylinder 
head of the engine. 


OIL PRESSURE GAGE 


The oil pressure gage is an electrical gage which 
measures current flowing from a variable resistance 
sender. The sender is located on the right side of the 
engine, below the intake manifold. 


VOLTMETER 


The voltmeter measures the voltage level of the 
electrical system. The voltmeter uses an internal shunt. 


CHECK ENGINE LAMP 


This system is part of the Computer Command 
Control System. Refer to FUEL AND EMISSIONS 
CONTROL (SEC. 6E). 


BRAKE WARNING SYSTEM 


The brake warning system consists of a differential 
switch which is mounted on the brake combination 
valve, and the warning lamp which is mounted on the 
instrument panel. 
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INSTRUMENT CLUSTER 
2 “I 


PNK/BLK 


PNK 


. Ignition Fuse 

. Fuel Pump and Sender 

. Fuel Gage 

. Engine Ground 

. Fuel Pump and Sensor Ground 


Figure 27 — Fuel Gage 


DIAGNOSIS OF INSTRUMENT PANEL AND GAGES 


FUEL GAGE INDICATES EMPTY WITH FUEL IN THE TANK (FIGURE 2 


TEST RESULT ACTION 


1. Disconnect fuel pump and sender | Fuel gage (8) indicates full. REPLACE fuel pump and sender 
(2). 


(2) and place ignition switch to 
RUN. 
Fuel gage (8) indicates empty. LOCATE and REPAIR open in PNK 
wire between fuel pump and 
sender (2) and fuel gage (8). If 
wire is good, REPLACE fuel gage 
(3). 
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FUEL GAGE INDICATES FULL OR BEYOND AT ALL TIMES (FIGURE 2 


TEST RESULT ACTION 


1. Disconnect fuel pump and sender | Fuel gage (8) indicates full. LOCATE and REPAIR short to 


(2) and place ignition switch to ground in PNK wire between fuel 
RUN. pump and sender (2) and fuel 


gage. If wire is good, REPLACE 
fuel gage (3). 


Fuel gage (8) indicates empty. GO to step 2. 


Connect a fused jumper from PNK | Fuel gage (8) indicates full. LOCATE and REPAIR open in BLK 


wire to BLK wire at fuel pump and wire between fuel pump and 
sender (2). sender (2) and fuel pump and 


sender ground (5). 


Fuel gage (8) indicates empty. REPLACE fuel pump and sender 
(2). 
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INSTRUMENT CLUSTER 


PNK/BLK 


DK GRN 


1. Ignition Fuse 

4. Engine Ground 

6. Temperature Sensor 
7. Temperature Gage 


Figure 28 — Coolant Temperature Gage 


COOLANT TEMPERATURE GAGE IS NOT ACCURATE (FIGURE 28 


TEST RESULT | = ACTION 


ts 


Disconnect temperature sensor Temperature gage (7) indicates REPLACE temperature sensor _——__—_seren—_— 
(6). Connect RED lead from J cold then hot. 
33431-B tester to DK GRN wire 


and other lead to ground. Adjust | temperature gage (7) does not LOCATE and REPAIR open in DK 


resistance dials to 1365 ohms and 


indicate ot. ire between temperature 
then to 55 ohms. dicate cold then h GRN wire betw p 


sensor (6) and temperature gage 
(7). If wire is good, REPLACE 
temperature gage (7). 
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COOLANT TEMPERATURE GAGE INDICATES HOT ALL THE TIME (FIGURE 28 


TEST RESULT ACTION 


1. Disconnect temperature sensor (6) | Temperature gage (7) indicates REPLACE temperature sensor (6). 
cold. 


and place ignition switch to RUN. 

Temperature gage (7) does not LOCATE and REPAIR open in DK 
indicate cold. GRN wire between temperature 
sensor (6) and temperature gage 
(7). If wire is good, REPLACE 
temperature gage (7). 


NOTE: Coolant temperature 
should be below normal operating 
temperature. 


COOLANT TEMPERATURE GAGE INDICATES COLD ALL THE TIME (FIGURE 28 


TEST RESULT ACTION 


1. Disconnect temperature sensor Temperature gage (7) indicates REPLACE temperature sensor (6). 
hot. 


(6). Connect a fused jumper from 
ial ah anna Temperature gage (7) does not LOCATE and REPAIR open in DK 
indicate hot. GRN wire between temperature 
sensor (6) and temperature gage 
(7). If wire is good, REPLACE 
temperature gage (7). 
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1 INSTRUMENT CLUSTER 
= 
PNK/BLK 


TAN 


. Ignition Fuse 
. Engine Ground 
. Oil Pressure Sensor 
. Oil Pressure Gage 
F-10331 


Figure 29 — Oil Pressure Gage 


OIL PRESSURE INDICATES LOW PRESSURE WHEN OIL PRESSURE IS GOOD (FIGURE 29 


TEST RESULT ACTION 


1. Disconnect oil pressure sensor (8) | Oil pressure gage (9) indicates REPLACE oil pressure sensor (8). 
and place ignition switch to RUN. | high pressure. 


Oil pressure gage (9) indicates low | LOCATE and REPAIR short to 

pressure. ground in TAN wire between oil 
pressure sensor (8) and oil 
pressure gage (9). If wire is good, 
REPLACE oil pressure gage (9). 


OIL PRESSURE GAGE INDICATES HIGH PRESSURE AT ALL TIMES (FIGURE 29 


TEST RESULT ACTION 


1. Disconnect oil pressure sensor (8) | Oil pressure gage (9) indicates low | REPLACE oil pressure sensor (8). 
pressure. 


and place ignition switch to RUN. 

Connect a fused jumper from TAN : ne . 

wire at oil pressure sensor (8) to | Oil pressure gage (9) indicates LOCATE and REPAIR open in TAN 

ground. high pressure. wire between oil pressure sensor 
(8) and oil pressure gage (9). If 
wire is good, REPLACE oil 

pressure gage (9). 
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1 | INSTRUMENT CLUSTER 
PNK/BLK ! | 


PNK/BLK 


|}. 


. Ignition Fuse 

. Engine Ground 
. Generator 

. Voltmeter 


Le 


Figure 30 — Voltmeter 


VOLTMETER IS NOT ACCURATE (FIGURE 30 


TEST RESULT ACTION 


1. Place ignition switch to RUN. Voltage reading is same as Voltmeter is good. 
vehicle’s voltmeter (11). 


Connect a voltmeter between 
ositive and negative terminals of 
i battery. 9 Voltage reading is different from LOCATE and REPAIR open in 
vehicle’s voltmeter (11). PNK/BLK or BLK wires to the I/P 
cluster. If wires are good, 
REPLACE voltmeter (11). 
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| Ll 
PNK/BLK 


12 
TAN/WHT ae TAN/WHT 
14 


. Ignition Fuse 

. Engine Ground : 

. Brake Pressure Warning Switch 
. Brake Warning Lamp 

. Park Brake Switch 


Figure 31 — Brake Warning Lamp 


BRAKE WARNING LAMP DOES NOT OPERATE (FIGURE 31 


TEST RESULT ACTION 
1. Place ignition switch to RUN and GO to step 2. 


set park brake. Connect an 
ohmmeter from TAN/WHT wire at | no continuity. LOCATE and REPAIR open in BLK 
wire between engine ground (4) 


park brake switch (14) to ground. 
and park brake switch (14). If wire 


is good, REPLACE park brake 
switch (14). 


LOCATE and REPAIR open in 
TAN/WHT wire between park brake 
switch (14) and brake warning 

lamp (13). 


CHECK condition of IGNITION fuse 
(1). If fuse is good, LOCATE and 
REPAIR open in PNK/BLK wire 
between fuse block and brake 
warning lamp (13). If wire is good, 
REPLACE brake warning lamp 
(13). 


Connect a test lamp from Test lamp lights. 
TAN/WHT wire at brake warning 


lamp (13) to ground. 


Test lamp does not light. 
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1. Horn Button 
2. Horn 
3. Bolt 
4. Star Washer 


Figure 32 — Horn Components 


ON-VEHICLE SERVICE 


Important HORN RELAY REPLACEMENT 


On vehicles with an aluminum instrument panel, the The horn relay is located next to the fuse block taped 
instrument panel must be removed to service the to the fuse block harness. 


cluster of any components. Refer to INSTRUMENT 
PANEL (SEC. 10M). Remove or Disconnect (Figure 14) 


HORN REPLACEMENT 1. Hom relay connector (22). 


2. Tape relay to harness. 
3. Relay (21) from hamess. 


Remove or Disconnect (Figure 32) — 
Install or Connect (Figure 14) 


1. Battery ground cable. 


2. Wiring harness. 1. Relay (21) to harness. 
3. Bolt (8) and star washer (4). 2. Tape holding relay to harness, 
4. Horn (2). 3. Horn relay connector (22). 
Install or Connect (Figure 15) SPEEDOMETER REPLACEMENT 
1. Horn (2). 
2. Star washer (4) and bolt (3). Remove or Disconnect 
3. Wiring harness. 
1. Battery ground cable, 
iy SHY roa ea 2. Instrument cluster housing screws 


3. Cluster case retaining screws and ah housing. 
Q, 
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4. Cluster plate. 
5. Speedometer mounting screws and speedometer. 
6. Speedometer cable and electrical connector. 


[>+]instan or Connect 


Speedometer cable and electrical connector. 
Speedometer to cluster panel. 
Speedometer mounting screws. 

Cluster plate. 

Cluster case retaining screws. 

Instrument cluster housing and screws. 
Battery ground cable. 


GAGE AND BULBS REPLACEMENT 


NOaOPoONn> 


Remove or Disconnect 


Battery ground cable. 

Instrument cluster housing screws and housing. 
Cluster case retaining screws and case. 
Cluster plate. 

Gage mounting screws and gage. 

Bulb(s) if required. 


PAP ep 


Install or Connect 


Bulb(s) if removed. 

Gage to cluster. 

Gage mounting screws. 

Cluster plate. 

Cluster case retaining screws and case. 
Cluster housing and retaining screws. 
Battery ground cable. 


NogpOoON> 


FUEL PUMP AND SENDER 
REPLACEMENT 


Refer to FUEL AND EMISSION CONTROL (SEC. 6E). 


COOLANT TEMPERATURE 
SENSOR REPLACEMENT 


Remove or Disconnect (Figure 33) 


1. Battery negative cable from battery. 
2. Coolant. 

3. Sensor or switch connectors. 

4. Sensor (6). 


Install or Connect (Figure 33) 
1. Sensor (6). 
[2] Tighten 
@ Sensor to 23 Nm (17 ft. Ibs.). 
2. Sensor or switch connectors. 


3. Coolant. 
4. Battery negative cable to battery. 


OIL PRESSURE SENSOR 
OR SWITCH REPLACEMENT 


Remove or Disconnect (Figure 33) 


Tools Required: 
J 35749 Oil Pressure Sensor Socket 


1. Battery negative cable from battery. 
2. Sensor or switch connector. 
3. Sensor (5). 
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5. Engine Coolant Sensor 
6. Oil Pressure Sensor 


Figure 33 — Coolant and Oil Pressure Sensor Locations 


Install or Connect (Figure 33) 


Tools Required: 
J 35749 Oil Pressure Sensor Socket 


1. Sensor (5). 
[Ql Tighten 
e Sensor to 12.5 Nm (9 ft. Ibs.). 


2. Sensor or switch connector. 
3. Battery negative cable to battery. . 


BACKUP LAMP/NEUTRAL 
START SWITCH REPLACEMENT 


Remove or Disconnect (Figure 34) 


1. Negative battery cable from battery. 

2. Harness connector from switch terminals (8). 

3. Switch from steering column jacket (7) by pulling 
switch outward. 


J 35749 


F-10217 


Install or Connect (Figure 34) 


e Align actuator on switch with holes in shift tube 
(10). 
e Set parking brake. Place gear selector in neutral 
to make alignment easier. 


@ Press down on front of switch until tangs (9) snap 
into rectangular holes in steering column jacket 
(7). 


1. Harness connector. 


Adjust 


e Switch by moving gear selector to park. Main 
housing and housing back should ratchet 
providing proper switch adjustment. 


2. Negative battery cable to battery. Check for proper 
switch operation. 
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HAZARD SWITCH REPLACEMENT _[+#]Remove or Disconnect 


1. Old flasher unit. 
Remove or Disconnect 2. Terminals for circuit 140A (orange wire) and circuit 
27 (brown wire) using a small screwdriver or pick. 


1. Nut from switch housing. 


2. Switch from dash. Install or Connect 
3. Electrical connector. 


e@ Using screwdriver or pick, lift up locking tang on 


Install or Connect the back of the terminal. 
1. Electrical connector. 1. Terminals of circuits 140A and 27 into new 
2. Switchto dash. connector (part number 2973385). 
3. Nut to switch housing. 2. New electronic flasher (part number 15504673) 
into new connector. 
HAZARD FLASHER RELOCATION e Strap connector and flasher assembly to main 
wiring harness using nylon ties. 
Some 1988 through 1990 vehicles (built prior to e@ Test operation of hazard flashers. 


8/30/90) fuse blocks may be partially deformed due to 
the heat generated by continuous operation of the 
hazard flashers. To prevent further damage and correct 
the condition, the hazard flasher may be relocated. 


7. Steering Column Jacket 
8. Switch Terminals 
9. Tangs 

10. Shift Tube 


F-10307 


Figure 34 — Backup Lamp/Neutral Start Switch 
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sens seeseeeeeees oe 


Coolant Temperature 
Oil Pressure Sensor 


SPECIFICATIONS 
TORQUE SPECIFICATIONS 
N'm 
PcRaeEe UTE C AS CRO we bewdtadenres 23 
bé Raw R NOUR ARES De RSS Re Okan wlicwee 12.5 
BULB SPECIFICATIONS 
Bulb Number 
PORN wtiwtheeendeechanecnaw’ 2B1 
Pre TPE “nda dave weenuce ses 1157 
Front Side Marker..........eeee00. 1157 
THOU ghee vavisnes dceaerexeucus 1157 
MO TIO xeoxea biecks dh0eo ek Seaes 1156 
BAO UG 6c sccveeresessdncevesas 1156 
DOMG! is Sass ok ine hes dew a Cawa nants 1076 
MME gc cuceuneenkankescadswere 194 
PEL deed bane Re cae a whe kwh ees 1156 
WASNT FON wack cnesavewe nee 1003 


Horn/Lps. Horn, Dome Lamps 
ECM B Electronic Control Module 


ECM | 


Electronic Control Module 
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SPECIAL TOOLS 


J 28742-A - “Rep J 35689-A 


J 35749 " J 33431-B 


J 22727 
. Terminal Remover (Weather Pack) _ 
. Terminal Remover (Metri-Pack) 5 sj € ( 
. Oil Pressure Sending Unit Locking Wrench 
. Signal Generator and Instrument Panel Tester : 
. Terminal Remover (Twin Lock) 


F-10336 
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LLV 
BODY SERVICE 
MANUAL 


CAUTION 


Proper service and repair are important to the safety of the service technician and the safe, reliable 
operation of the LLV. If part replacement is necessary, a part must be replaced with one of the correct part number 
or an equal or better part. Do not use a replacement part of lesser quality. 


Anyone who intends to use a replacement part, service procedure or tool, which is not recommended by 
the vehicle manufacturer(s), must first determine that neither his safety nor the safe operation of the vehicle will be 
jeopardized by the replacement part, service procedure or tool selected. 


This manual contains various NOTES and CAUTIONS that must be observed carefully. NOTES give you 
added information that will help you complete a particular procedure. CAUTIONS are given to prevent an error that 
could damage the vehicle or remind you to be especially careful in those areas where carelessness can Cause 
personal injury. These NOTES and CAUTIONS are not exhaustive, because it is impossible to wam of all the 
possible hazardous consequences that might result from failure to follow instructions. 


NOTE 


All information, illustrations and specifications contained in this manual are based on the latest product 
information available at the time of publication approval. The right is reserved to make changes at any time without 


notice. 
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SECTION 10A 
GENERAL INFORMATION 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 


parts or system damage could result. 
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DESCRIPTION 


RIVET REPLACEMENT 


The Grumman Long Life Vehicle body’s high 
structural strength is due largely to its riveted 
constructions. Body component rivet holes are precisely 
drilled at the factory and care must be taken to avoid 
enlarging or distorting these holes when removing rivets 
for body component removal. 


Removal: 

1. Carefully drill the rivet head using a sharp #10 drill 
bit. Note that center of each rivet head has a small 
dimple to provide an accurate point for drill bit 
placement (figure 1A). 


NOTE: An air gun and a sharp chisel may also be >» 
used. Figure 2A 


2. Drive rivet body out using a pin punch. 


Replacement: 
1. Insert a tapered punch in rivet hole to line up 
parts. 


2. Remove punch and insert a rivet. 

3. Place rivet gun against rivet head, being certain to 
keep gun perpendicular to rivet, and support rear 
of rivet with a bucking bar (figure 2A). 

4. A properly formed rivet is shown in figure 3A. 


NOTE: Cleco fasteners should always be used to 
align ALL rivet holes before attemptong to install 
rivets. 


Figure 3A 
SEALING PANEL JOINTS 


Before installing a new panel, spread a bead of 
sealer along each rivet seam. Use only Polyurethane 
sealer (Grumman P/N 85682010) as follows: 

1. Clean/degrease panel surface using Pentone 
cleaner/degreaser. 

2. Apply a continuous bead of sealer in rivet seam. 
Go around rivet holes, not through them. 


Figure 1A 
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PREPARING ALUMINUM PANELS 


FOR PAINT 


The aluminum body of the LLV was specially cleaned 


and treated before it was painted at the factory. Similar 
steps must be taken when repairing LLV paint or panel 
damage, especially if bare aluminum is exposed or new 
panels are installed. Follow these steps to properly 
clean, treat and paint the LLV body: 


CAUTION: Be sure to follow the appropriate safety 
precautions when performing body work. Always 
follow the manufacturer’s directions when using 
solvents, primers, paints and other materials. 


Wash panel using a mild detergent/water solution 
and rinse thoroughly with clean water. 

Clean and degrease panel with DuPont 3919S 
"Prepsol" or equivalent. 

Sand panel with #180 grit (or finer) sandpaper. 
Apply plastic filler to damaged areas, as required. 
Sand and featheredge repaired areas with #180 
grit (or finer) sandpaper. 

Mask as required, then wipe area to be painted 
and surrounding area with tack cloth. 


Wipe area to be painted with DuPont 3939S 
“Surface Cleaner’ or equivalent. 
There are two approved methods for priming 


aluminum panels. Use either METHOD A or 
METHOD B as follows: 


METHOD A — Clean bare aluminum with DuPont 
225S "Aluminum Cleaner or equivalent and treat with 
DuPont 226S "Conversion Coating’ or equivalent, 
following label directions. Then, apply DuPont 615S 


"Variprime* or *Corlar primer or equivalent, following 
label directions. 


METHOD B —Apply two coats of DuPont 615S 
"Variprime* mixed 1:1 with DuPont 616S "Converter* 
to bare aluminum. Sanding is not usually required. 


9. When primer has dried, wipe panel with tack cloth. 
10. Apply two topcoats using DuPont G8619A 


*Centari* or "Cronar* or equivalent following label 
directions. 


FASTENER REPLACEMENT 


When it is necessary to replace bolts, washers, nuts, 
and other standard fasteners, use only replacements 
that are the same type of grade as the original. Using 
a different type or grade of fastener may cause a 
vehicle failure and result in propertly damage or 
personal injury. 


SPECIFICATIONS 


TORQUE SPECIFICATIONS 
Nm Ft. Lbs. 
Front bumper bracket to chassis bolts (6) .......+++se+0s 59-78 43-58 
Front bumper extrusion to bracket bolts (4) ......++eeeees 42-67 31-50 
Rear bumper bracket to chassis bolts (8) ......++++seeees 59-78 43-58 
Rear bumper extrusion to bracket bolts (4) .....+++++seees 42-67 31-50 
Frame to body mounting bolts (8) ......seeeee ree rerers 67-89 49-66 
Driver's seat turntable to seat box bolts (6) ......++++eeee 22-25 16-19 
Driver’s seat box to floor bolts (6)... 6 cece eee eee eens 18-19 13-14 
Driver's safety belt to roof gusset bolt (1) ...... esse eeees 41-54 30-40 
Driver’s safety belt rod to seat nuts (2) ...... eee e eee eeees 21-24 15-18 
Driver's safety belt retractor to roof gusset nut (1).......++. 28-40 20-30 
Passenger’s seat to seat box bolts (4) ....sseee eee e eee 18-19 13-14 
Passenger’s seat box to floor bolts (4) ......ee reese ees 18-19 13-14 
Passenger’s safety belt strap to seat bolts (8) ......+++++5 28-40 20-30 
Passenger’s safety belt rod to seat nuts (2) ....+-...sees 21-24 15-18 
Side door latch to door bolts (4) 0... eee e eee erences 48-94 35-70 
Side door striker to door post bolts (6)... 6.6... cece neues 48-94 35-70 
Body mount to step assembly bolts (16) .......++ssseeees 17-28 
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BUMPERS 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 
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Front Bumper Assembly Replacement .......:eeeeeeeerereereeeeererecenserenseenes ; ie - : 


Rear Bumper Assembly Replacement.........:eeceeeeece reece eeeceeseerneseeneaeaes 


DESCRIPTION 


Both the front and rear bumper assembly consist of an aluminum extrusion with a two-piece urethane cover and 
steel bumper brackets. The bumper brackets bolt to the bumper extrusion and the assembly is bolted to the vehicle 


frame. 


FRONT BUMPER ASSEMBLY 
REPLACEMENT 


Removal: 
1. Support bumper with stands or have assistant 
support bumper. 
2. Remove bolts securing front bumper assembly to 
vehicle frame (figure 1B). 
3. Lower front bumper assembly. 


Installation: 
1. Reverse removal procedure. 


BUMPERS 10B - 2 
REAR BUMPER ASSEMBLY 


REPLACEMENT 
Removal: 
1. Support bumper with stands or have assistant 
support bumper. 


2. Remove bolts securing rear bumper assembly to 
vehicle frame (figure 2B). 
3. Lower rear bumper assembly. 


Installation: 
1. Reverse removal procedure. 


, A | 
Figure 2B 
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NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 


parts or system damage could result. 
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SUBJECT 


Description 


Adhesive Windshield Replacement.............. 
Encapsulated Windshield Replacement .......... 
Adhesive Side Glass Replacement.............. 


DESCRIPTION 


All stationary glass is flat, laminated safety glass. On 
vehicles built before body number 02004839 the glass is 
bonded directly to the body with both foam tape and 
urethane sealant. Vehicles built after body number 
0200489, the windshield is an encapsulated-type and is 
bonded to the body with urethane sealant and also 
retained with 19 screws. The side glass on vehicles built 
after body number 0203395 are a molded weatherstrip- 
type and use no sealant. Both type windshields are 
removed and installed from inside the vehicle. 

It is recommended that an encapsulated-type 
windshield be installed when replacing an adhesive-type 
windshield. Follow the correct instructions for the type 
of windshield being installed. 


ADHESIVE WINDSHIELD 
REPLACEMENT 


Removal: 

1. Remove windshield wiper arms (see Section 107). 

2. On outside of vehicle, mask body around 
windshield opening to protect paint. 

3. Remove screws securing windshield retainer to 
body and remove windshield retainer. 

4. Remove screws securing sunvisor brackets to 
body and remove sunvisors. 

5. Position helper inside vehicle 
windshield glass during removal. 


to support 


6. NOTE: When removing windshield glass, pull 
body wiring harness away from windshield frame, 
if necessary, and position harness away from 
windshield. Harness is fastened to windshield 
frame with foam tape. From outside of vehicle, 
insert windshield knife blade between windshield 
frame and windshield glass and cut through foam 
tape and urethane sealant while helper supports 
glass. Keep knife blade as close to body as 
possible without cutting into the paint or aluminum 
windshield frame. Cut through foam tape and 
sealant until helper can free windshield glass from 
body. 

7. Remove windshield glass. 

8. Trim all remaining foam tape and urethane sealant 
from windshield frame without cutting into paint or 
aluminum frame. 


Installation: 
NOTE: Itis recommended that an encapsulated-type 
windshield be installed when replacing an adhesive- 
type windshield. Follow the correct instructions for 
the type of windshield being installed. 


STATIONARY GLASS 10C - 2 


Adhesive Windshleld 


1. 


10. 


15 


12. 
13. 


14. 


15. 
16. 


a7. 
18. 


Clean outside face of replacement windshield 
glass with glass cleaner that does not contain 
alcohol. 
Mask entire outside surface of windshield, leaving 
7/8" of glass exposed around perimeter. 
Use clean cloth to apply glass etch (Grumman P/N 
85675002) to entire perimeter of outside face of 
glass, from edge of glass to 7/8" inward. 
Immediately after applying glass etch, wipe glass 
etch from windshield perimeter with clean cloth. 
Apply blackout primer (Grumman P/N 85675003) 
to exposed perimeter of windshield glass. Primer 
must dry at least 35 minutes and not longer than 
96 hours. 
Using #180 - 250 grit sandpaper, roughen up 
inside surface of windshield frame from edge to 
7/8" outward. Do not remove excessive amounts of 
paint or expose bare aluminum. 
Wipe inside surface of windshield frame with tack 
cloth. 
Mask inside of windshield frame starting 7/8" away 
from edge of opening. 
Apply primer (Essex 435.34) to inside surface of 
windshield frame from edge to 7/8" outward. Allow 
primer to dry for 15 minutes. 
Apply strip of Norton V-2100 foam tape (Grumman 
P/N 85675005) 3/8" wide x 3/16" thick x 69 3/4" 
long along top inside surface of windshield frame. 
Apply 59 3/4" length of same tape to bottom inside 
surface of frame. Edge of tape must be 3/8" from 
edge of frame for both strips. 
Apply strip of Norton V-2100 foam tape (Grumman 
P/N 85675006) 3/8" wide x 1/4" thick x 28 3/4" long 
along each side inside surface of windshield 
frame. Edge of tape must be 3/8" from edge of 
frame for both strips. 
Place two spacers, 3/16" thick, on dash shelf 
against windshield frame. Each spacer should be 
approximately 20" from center of opening. 
Remove backing paper from foam tape strips. 
Position replacement windshield inside vehicle and 
rest bottom edge of glass on dash shelf spacers. 
Do not let glass contact foam tape. 
Center windshield glass in opening, tilt top of 
glass back and slide glass forward until bottom 
edge contacts foam tape. 
Tilt windshield forward until top contacts tape. 
Use light hand pressure to press glass against 
tape, all around edge of glass. Apply pressure 
evenly to avoid cracking glass. 
Install windshield retainer and screws. 
From outside of vehicle, use caulking gun to force 
urethane sealant (Grumman P/N 85675011) into 
void between windshield glass and frame. 


19. 


20. 


23. 


24. 


25. 


Smooth sealant as required, leaving a beveled 
edge that will not trap water. 

Remove all masking materials from windshield 
glass and body, and clean glass. 

Install sunvisors and screws. 

Watertest glass for leaks using soft spray of water. 
Use warm or hot water, if available. DO NOT 
DIRECT HARD STREAM OF WATER AT FRESH 
SEALANT. Water applied on top of urethane 
sealant during the watertest, or as a separate 
operation, will speed up the curing of urethane. 

If leaks are detected, apply urethane sealant 
(Grumman P/N 85675011) to fill voids in sealant. 

Place vehicle in area with temperature higher than 
18°C (65°F) and allow 24 hours for sealant to cure. 
Install windshield wiper arms. 


Encapsulated Windshield 


i 


Check bottom corners of windshield opening, 
radius should be 11 mm (7/16 inch) and tangent 
with windshield rail. If not as specified, file or grind 
as required. 

Using a straightedge, check corner stamping from 
top to bottom for flatness (figure 1C). 


9.5 MM (3/8 INCH) 
MAXIMUM 


STRAIGHT EDGE 


CORNER 
STAMPING 


Figure 1C 


CAUTION: Should an Irregular edge exist, care 
must be taken when Installing screws. Do not 
tighten screws over 1.1 N'm (10 In. Ibs.). 


Check clearance of rivets at top corner stampings. 
Clearance must be 22 mm (7/8 inch) from edge of 
windshield opening (figure 2C). 


11, 


13, 


22 MM (7/8 INCH) 
ec MINIMUM 


CORNER 
STAMPING 


EDGE OF CUTOUT 


Figure 2C 


CAUTION: If rivet clearance is less than 22mm 
(7/8 inch), the talls must be ground off flush 
before installing windshield. 


Position windshield in opening, on inside of vehicle 
with lip outboard. Check lip at bottom and both 
sides. Make sure lip Is inside opening. 

Check clearance on both sides. Clearance should 
be 1.6 mm (1/16 inch) from lip on sides. If not as 
specified, file or grind as required. 

Remove windshield from vehicle. 

After all clearances have been checked and 
corrected, place windshield in windshield opening 
from outside of vehicle with lip inboard and apply 
four pieces of tape 152 mm (6 inches) long to top, 
bottom and both sides. 

Using the windshield as a template and a 1/16" 
diameter punch, mark the body in all 19 places 
where threaded inserts exist. 

Remove windshield from vehicle. 

Drill out punch marks using a 1/4 inch drill bit. 


CAUTION: Hole diameter must not exceed 1/4 
inch. Check hole on Inside of vehicle for burrs. 
Correct as required. Clean excess rubber from 
threads in fasteners. 


Position windshield in vehicle from inside. Align 
bolt holes and check top molded urethane and 
ensure there is no interference with radius of 
nosing. If interference exists, remove windshield 
and grind molded urethane with a belt sander on 
an approximate 45 degree angle to correct 
interference. Reinstall windshield and recheck. 
Remove and clean windshield with a glass cleaner 
that does not contain alcohol. 

Apply 6.35 mm (1/4 inch) bead of black Sikaflex 
221 (Part No. 85682038), all the way around the lip 
side of windshield, apply an extra 6.35 mm (1/4 
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inch) bead at all four corners from threaded insert 
to threaded insert. 


CAUTION: When applying sealant bead to 
windshleld, care must be taken to ensure an 
even bead. Uneven amounts could cause 
windshield breakage when tightening screws. 


. Position windshield inside of vehicle and center 


windshield in opening. Then, tilt forward so that 
windshield adheres to body. 


. Have an assistant on the outside of vehicle hand 


Start all screws, Tighten screws to 1.1 Nm (10 in. 
Ibs.). 


. Wipe off excess adhesive. 
. Install sunvisors and auxiliary fan. 
. Test windshield for leaks using a hand pump 


water spray bottle. 


. If leaks are detected, apply black Sikaflex 221 


(Part No. 85682038) to seal them. 


. Allow adhesive to cure 24 hours at 18°C (65°F) or 


higher. 


ENCAPSULATED WINDSHIELD 
REPLACEMENT 


Removal: 


1. 
2. 


Don 


© © 


Remove windshield wiper arms (see Section 107). 
On outside of vehicle, mask body around 
windshield opening to protect paint. 


. Remove 19 screws securing windshield retainer to 


body and remove windshield retainer. 


. Remove screws securing sunvisor brackets to 


body and remove sunvisors. 

Remove auxiliary fan. 

Position helper inside vehicle to support 
windshield glass during removal. 

NOTE: When removing windshield glass, pull 
body wiring harness away from windshield frame, 
if necessary, and position harness away from 
windshield. Harness is fastened to windshield 
frame with foam tape. From outside of vehicle, 
insert utility knife blade or cold cutout knife 
between windshield frame and windshield glass 
and cut through the urethane sealant while helper 
supports glass. Keep knife blade as close to body 
as possible without cutting into the paint or 
aluminum windshield frame. Cut through foam 
tape and sealant until helper can free windshield 
glass from body. 


. Remove windshield glass. 
. Trim all 


remaining urethane sealant from 
windshield frame without cutting into the paint or 
aluminum frame. 


Installation: 


1, 


Clean replacement windshield with a glass cleaner 
that does not contain alcohol. 
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2. 


=~ 9G 


Apply 1/4" bead of black Sikaflex 221, (Part No. 
85682038) all the way around the lip side of 
window, apply an extra 1/4" bead at all four 
corners from threaded insert to threaded insert. 
Place window inside of vehicle and center 
windshield in opening, then tilt forward so that 
windshield adheres to body. 

Have an assistant on the outside of vehicle. Hand 
start 19 screws then torque all screws to 1.1 Nm 
(10 in. Ibs.). 

Wipe off excess adhesive. 

Install sunvisors and auxiliary fan. 

Test windshield for leaks using a hand pump 
water spray bottle. 

If leaks are detected, apply Sikaflex 221, (Part No. 
85682038) to seal them. 

Allow adhesive 24 hours to cure at 18°C (65°F) or 
higher. 


ADHESIVE SIDE GLASS 
REPLACEMENT 


Removal: 


if 


2 


3. 


On outside of vehicle, mask body around side 
glass opening to protect paint. 

Position helper inside vehicle to support side glass 
during removal. 

NOTE: When removing RH side glass, pull body 
wiring harness away from windshield frame, if 
necessary, and position harness away from side 
glass. Harness is fastened to windshield frame 
with foam tape. 

From outside of vehicle, insert utility knife blade 
between windshield frame and side glass and cut 
through foam tape and urethane sealant while 
helper supports glass. Keep knife blade as close 
to body as possible without cutting into the paint 
or aluminum windshield frame. Cut through foam 
tape and sealant until helper can free glass. 
Remove side glass. 
Trim all remaining foam tape and urethane sealant 
from side glass frame without cutting into the paint 
or aluminum body. 


Installation: 


- 


2. 


3. 


Clean outside face of replacement side glass with 
glass cleaner that does not contain alcohol. 
Mask entire outside surface of side glass, leaving 
7/8" of glass exposed around perimeter. 

Use clean cloth to apply glass etch (Grumman P/N 
85675002) to entire perimeter of outside face of 
glass, from edge of glass to 7/8" inward. 
Immediately after applying glass etch, wipe glass 
etch from side glass perimeter with clean cloth. 


4. 


10. 


13. 


14. 


15. 


16. 


We 


18. 


19. 


20. 


2A 


Apply blackout primer (Grumman P/N 85675003) 
to exposed perimeter of side glass. Primer must 
dry at least 35 minutes and not longer than 96 
hours. 

Using #180 - 250 grit sandpaper, roughen up 
inside surface of side glass frame from edge to 
7/8" outward. Do not remove excessive amounts of 
paint or expose bare aluminum. 

Wipe inside surface of side glass frame with tack 
cloth. 

Mask inside of side glass frame starting 7/8" away 
from edge of opening. 

Apply primer (Essex 435.34) to inside surface of 
frame from edge to 7/8" outward. Allow primer to 
dry for 15 minutes. 

Cut strips of Notron V-2100 foam tape (Grumman 
P/N 85675006) 3/8" wide x 1/4" thick to 
appropriate lengths and apply strips to front, rear 
and bottom inside surfaces of side glass frame. 
Tape strips must not overlap and edge of tape 
must be 3/8" from edge of frame for all strips. 
Place a spacer, 1/8" thick and 6" long, on dash 
shelf against side glass frame. Spacer should be 
centered along bottom edge of side glass 
opening. 

Remove backing paper from foam tape strips. 
Position replacement side glass inside vehicle and 
rest bottom edge of glass on dash shelf spacer. 
Do not let glass contact foam tape. 

Check position of side glass in opening, tilt top of 
glass back, slide glass toward opening until 
bottom edge contacts foam tape. Do not let glass 
contact foam tape. 

Tilt top of side glass forward until top contacts 
tape. 

Use light hand pressure to press glass against 
tape, all around edge of glass. Apply pressure 
evenly to avoid cracking glass. 

From outside of vehicle, use caulking gun to force 
urethane sealant (Grumman P/N 85675011) into 
void between side glass and frame. 

Smooth sealant as required, leaving a beveled 
edge that will not trap water. 

Remove all masking materials from side glass and 
body and clean glass. 

Watertest side glass for leaks using soft spray of 
water. Use warm or hot water, if available. DO NOT 
DIRECT HARD STREAM OF WATER AT FRESH 
SEALANT. Water applied on top of urethane 
sealant during the watertest, or as a separate 
operation, will speed up the curing of urethane. 
If leaks are detected, apply urethane sealant 
(Grumman P/N 85675011) to fill voids in sealant. 
Place vehicle in area with temperature higher than 
18°C (65°F) and allow 24 hours for sealant to cure. 
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MOLDED WEATHERSTRIP SIDE 
GLASS REPLACEMENT 


Removal: 

1. Pull retainer cords from side glass. 

2. Pull back weatherstrip and push out side glass 
and weatherstrip from rear and bottom. 

3. Once rear and bottom are free of body, grasp 
bottom rear of side glass and pull rearward to 
remove from top and front corners. 

4. Remove side glass from weatherstrip. 

Installation: 

1. Position weatherstrip into body opening starting at 
top and working around entire opening of the 
flange. 

2. Apply a suitable rubber lubricant to the entire 
weatherstrip. 

3. Working from outside of vehicle, position glass in 
weatherstrip at top of opening. 

4. Using a flat plastic glass installation tool carefully 
install glass into groove of weatherstrip (figure 3C). 

5. Push the tool around the weatherstrip and slip the 


edge of the glass into the groove of the 
weatherstrip. 


NOTE: Begin pushing tool down the front edge of 
glass and work around until completely installed 
(figure 3C). 


6. 


te 


Figure 3C 


Apply a suitable rubber lubricant to weatherstrip 
zip cords. 

Using Kent Moore Weatherstrip Tool J 2189-02 or 
equivalent, install zip cords into grooves in 
weatherstrip beginning with the forward zip cord. 
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SECTION 10D 


DOORS 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 
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Striker Plate Replacement 


SIDE DOORS 


opening so the door can be held stationary in either the 
DESCRIPTION full-open or full-closed position. The door glass is flat 
and can be completely retracted into the door shell by 


Each side door assembly consists of a door shell, a cable-operated regulator. 
roller assembly and track, latch w/lock cylinder, inner 
panel, window regulator, glass, and glass weatherstrip. 
The door slides from front to rear and a door striker 
plate is mounted at both the front and rear of door 
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STRIKER PLATE REPLACEMENT . Beets thes Sank lower door track-to-bod 
(F RONT OR REAR) Torx® head screws and nuts. ‘ 


5. Pull bottom of door outward until lower track can 
Removal: be removed (figure 3D). 
1. Remove bolts, nuts and flat washers securing 
striker plate to body (figure 1D). 
2. Remove striker plate. 


Installation: 
1. Install striker plate by reversing removal 
procedure. 


SIDE DOOR ASSEMBLY 
REPLACEMENT 


Removal: 
1. Slide door forward until it latches. 
2. Remove rearmost Torx® head screw and nut 
securing lower door track-to-body (figure 2D). 


- Figure 3D — 
6. Grasp door firmly and slide door rearward until it 
leaves upper door track (figure 4D). 


Installation: 
1. Install door assembly by reversing removal 
prodeure. 


Figure 1D 


Figure 2D 
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ROLLER ASSEMBLY 
REPLACEMENT 


Removal: 


1. Remove side door assembly as described 
previously. 
2. Remove nuts, flat washers and Torx® head screws 
securing door roller assembly to side door 
assembly (figure 5D). 
3. Remove side door roller assembly. ; | 


| Figure 6D 
oN 
frr \ , { Installation: 


1, Install roller track by reversing removal procedure. 


DOOR LATCH 
REPLACEMENT 


4 

| 
em 
' 


Removal: 
4. Remove four nuts and star washers securing door 
latch to side door assembly (figure 7D). 
2. Remove door latch from inside of vehicle. 
3. If necessary, remove door latch from outside of 
vehicle by removing spacers and bolt. Then 


Installation: 
1. Install roller assembly by reversing removal carefully separate latch from door. 
procedure. 
NOTE: If outside door latch was removed, remove old 
ROLLER TR ACK sealing compound and apply new sealing compound. 
REPLACEMENT " | 
Removal: "ee 
1. Remove side door assembly as described . 
previously. 


2. Remove nuts and flat washers inside vehicle 
securing roller track to roof side rail (figure 6D). 
3. Remove side door roller track. 


Figure 7D 
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Installation: 


1. 


Install latch by reversing removal procedure. 


CAUTION: Be sure to Install spacers Inside of 
door panel, if removed. 


LOCK CYLINDER 


REPLACEMENT VB 
[oo 
Removal: | 
1. Remove door latch assembly from outside of S 
vehicle as described previously. 4 
2. Bend tab down on washer securing nut. 
3. Remove nut and washer securing lock cylinder to Ne 
door latch as described previously (figure 8D). ‘ , | | 
4. Remove lock cylinder. Pd =», A a fete ae 
Figure 9D 
5. Lift bottom of inner door panel outward. Pull down 
and slightly twist to the left to disengage glass 
from track. Lift inner door panel and door 
glass/regulator assembly from door shell (figure 
10D). 
a “a 3 | 
Figure 8D 
Installation: 
1. Install lock cylinder by reversing removal 
procedure. 
CAUTION: Be sure to install spacers Inside of 
door panel, If removed. Figure 10D 
6. Remove screws securing door glass to regulator 
DOOR GLASS __ (igure 110). 
REPLACEM ENT . Remove door glass. 
Removal: . 
1. Remove side door assembly as described 
previously. : 
2. Roll window up approximately 25 mm (1 inch). 
3. Remove screws securing door inner panel to door 
shell (figure 9D). ; 
4. Remove screws from door clip. 


DOORS 10D - 5 


a WINDOW REGULATOR 
! REPLACEMENT 
| Removal: 
| 1. Remove side door assembly as described 
previously. 
2. Remove door glass as described previously. 
3. Remove screws and prevailing torque nut securing 


4 regulator handle plate to door inner panel (figure 
13D). 


Figure 11D 


Installation: 
1. Install door glass by reversing removal procedure. 


DOOR GLASS WEATHERSTRIP 


REPLACEMENT 
Removal: 
1. Remove side door assembly as described 
previously. 4 . = 
2. Remove door glass/regulator/inner panel as Figure 13D 
described previously. 
3. Pull weatherstrip (8 sections) from door shell 4. Remove rivets securing regulator bar to door inn 
(figure 12D). panel (figure 14D). 


5. Remove regulator assembly. 


Installation: 


1. Install regulator assembly by reversing remov. 


procedure. 


"Figure 12D 


Installation: 
{. Install weatherstrip by reversing removal 


procedure. 


Figure 14D 


DOORS 10D - 6 


REAR ROLL-UP DOOR AND LATCHES 


DESCRIPTION 


The rear roll-up door assembly consists of a roll-up 
door with hinged sections, individual rollers at each 
hinge, door tracks (L and R), door handle (recessed), 
door latch and striker plate (L and R), and door 
counterbalance assembly. A heavy, safety belt-type, 
pull-down strap is attached to the inside of the door. 


COUNTERBALANCE 
REPLACEMENT 


Removal: 

1. Raise rear door and support in up position. 

2. Grasp counterbalance drum firmly and wind-up 
drum slightly to relieve counterbalance cable 
tension. 

3. Grasp counterbalance cable firmly, unhook it from 
door, and hold (figure 15D). 

4. Slowly allow drum to unwind until counterbalance 
assembly is completely unloaded. 


Figure 15D 


5. Remove bolt and nut securing counterbalance 
shaft to bulkhead bracket (figure 16D). 

6. Slide counterbalance assembly toward driver's 
side of vehicle until passenger's side end is free of 


bulkhead bracket. 


Figure 16D 


7. Slide assembly toward passenger's side of vehicle 
until driver's side end is free of bulkhead bracket 
(figure 17D). 

8. Remove door counterbalance assembly. 


Figure 17D 


Installation: 


1. Perform Steps 1 through 6 of removal. 
2. Gently lower rear door. 
3. Remove cable from counterbalance drum. 


4. 


Using an awl or pick-type tool placed in the hole 
in which the cable end is installed, preload the 
counterbalance drum as follows: 

A. Rotate drum 13 complete revolutions, using 
tool, so that when cable is installed it wraps 
over the top. 

B. Install cable hook on rear door. 

C. While still holding counterbalance drum, 
remove tool and install cable end into hole. 

D. Slowly release drum and allow spring tension 
of drum to take up slack in cable. 


REAR DOOR ASSEMBLY 
REPLACEMENT 


Removal: 


i 


2. 


Remove door counterbalance assembly as 
described previously. 

Remove bolts and nuts securing door up-stops at 
front of door tracks and remove up-stops (figure 
18D). 

Hold top end of door and move door toward front 
of vehicle until top rollers leave tracks. 


Figure 18D 


Lower top section. Then pivot section rearward 
and upward against second section (figure 19D). 
Move door toward front of vehicle until second 
section rollers leave tracks. 


DOORS 10D - 7 


nad 


Figure 19D 


. Lower top and second section - then pivot 


sections rearward and upward against third 
section (figure 20D). 


Figure 20D 


. Continue process, rolling up door sections until 


last section rollers leave tracks. 


CAUTION: Door Is heavy. Work cautiously 
when door reaches end of tracks. 


. Remove door. 


DOORS 10D - 8 


Installation: 6. Remove rivets securing track to rear door post 
1. Install rear door by reversing removal procedure. (figure 23D). 
I 
REAR DOOR TRACK 
REPLACEMENT 
(L OR R) 


Removal: 

. Remove door as described previously. 

2. Remove nylon rivets securing rear corner liner to 

rear post. 

3. Remove corner liner. 

4. Remove bolts and nuts securing door track to 
bulkhead bracket (figure 21D). 


1 


Figure 23D 
7. Remove door track. 


Installation: 
1. Install door track by reversing removal procedure. 


. REAR DOOR ROLLER 


pallies 
r t REPLACEMENT 
Removal: 


1. Remove door as described previously. 
2. Pull roller from door hinge bushing (figure 24D). 


Figure 21D 


5. Remove rivets securing side dome lamp bracket to 
track (figure 22D). 


Figure 24D 


. Installation: 
1. Install rollers by reversing removal procedure. 


Figure 22D 


DOORS 10D - 9 


LATCH CONTROL 


REPLACEMENT 
Removal: 
1. Remove screws securing latch cover panel (figure 
25D). 


2. Remove latch cover panel. 


Figure 27D 
Installation: 
14. Install latch control by reversing removal 
procedure. 


LATCH CONTROL LOCK 
CYLINDER REPLACEMENT 


Figure 25D 


Removal: 

3. Disconnect latch cables at each side of rear door 4. Remove screws securing latch cover panel (figure 

(figure 26D). 25D). | 

Remove latch cover panel. is 

Bend tab down on washer securing nut. ig 
Remove nut and flat washer securing lock cylinder 
to latch control (figure 28D). 
Remove latch control lock cylinder. 


POP 


on 


Jj 
ee 


. Figure 26D 


| 


— 


4. Remove cables from latch. 
5. Remove nuts securing latch control to door (figure 


27D). 
6. Remove latch control. Figure 28D 


DOORS 10D - 10 


de 


Installation: - : 
1. Install lock cylinder by reversing removal — ———— 
procedure. 


REAR DOOR LATCH 
REPLACEMENT 


Removal: 

Remove door as described previously. 
Remove screws securing latch cover panel. 
Remove latch cover panel. 


Disconnect cables at each side of ‘door (figure 
29D). 


= ONE 


Figure 30D 


REAR DOOR LATCH STRIKER 
REPLACEMENT 


Removal: 
1. Remove bolts and flat washers securing latch 
striker to wheel box end closure (figure 31D). 
2. Remove door latch striker. 


( 


5. Remove rivets securing latch to door (figure 30D). 
6. Remove latch. 


Figure 29D 


Installation: 
1. Install latch by reversing removal procedure. 


Figure 31 


Installation: 
1. Install striker by reversing removal procedure. 


DOORS 10D - 11 
BULKHEAD SLIDING DOOR AND LATCHES 


DESCRIPTION 


The bulkhead sliding door assembly consists of a 
door shell, latch assembly w/lock cylinder, roller 
assembly and track. The door slides from left to right 
and a door striker plate is mounted at both the right 
and left of the door opening so the door can be held 
stationary in either the fully open or fully closed 
position. 


BULKHEAD DOOR ASSEMBLY 


REPLACEMENT 
Removal: 
1. Move door to closed position. 
2. Remove screws and prevailing torque nuts Figure 33D 
securing bulkhead door-to-door roller assembly 
(figure 32D). 5. Remove bulkhead door assembly. 
3. Grasp door and pivot top forward. 
Installation: 
1. Install sliding door assembly by reversing remov 
procedure. 
DOOR TRACK AND ROLLER 
ASSEMBLY REPLACEMENT 
Removal: 
4. Remove bulkhead door as described previously. 
—- 2. Remove nuts and flat washers securing roller track 
to bulkhead. Nuts are accessible from cargo 
compartment (figure 34D). 
3. Remove door track roller assembly. 
\ 
Figure 32D 


4. Lift door up and away from lower track (figure 
33D). 


Figure 34D 


DOORS 10D - 12 


Installation: ' 
1. Install door track and roller assembly by reversing 


removal procedure. 


ROLLER ASSEMBLY 
REPLACEMENT 


Removal: 
1. Remove door track and roller assembly as 
described previously. 
2. Slide roller assembly from track. 


Installation: 
1. Install roller assembly by reversing removal 
procedure. 


LATCH ASSEMBLY 
REPLACEMENT 


Removal: 
1. Remove prevailing torque nuts and bolts securing 
latch to door (figure 35D). 
2. Remove latch assembly. 


Figure 35D 


Installation: 
4. Install latch assembly by reversing removal 


procedure. 


LOCK CYLINDER 
REPLACEMENT 


Removal: 
4. Remove bulkhead door latch assembly as 


described previously. 
2. Bend tab down on washers securing nut. 


3. Remove nut securing lock cylinder to door (figure 
36D). 


4. Remove lock cylinder. 


Figure 36D 
Installation: 
1. Install lock cylinder by reversing removal 
procedure. 
STRIKER PLATE 
REPLACEMENT 
Removal: 


1. Remove bolts, prevailing torque nuts and flat 
washers securing striker plate to bulkhead load 
retainer (figure 37D). 

2. Remove striker plate. 


7 z 
a 
Figure 37D 
Installation: 
1. Install striker plate by reversing removal 
procedure. 


HOOD 10E - 1 


SSS aS 


SECTION 10E 
HOOD 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 


CONTENTS 
SUBJECT PAGE 
Description ......cesneuvecnceceuewoneoucnns sun euesivin uu mislc © = 0s v\r\y)lisl=lemin aia 10E - 1 
Hood Assembly Replacement .......cseeceeeeeeecereeeeeereseeeeersesasesesesnens 10E - 1 
Hood Hinge Replacement (L Or R) ..... eee cece cece teen eee ee eee e ee eeeeeeerereeees 10E-2 
Hood Prop Rod Replacement ........ccceeeeeeeeceeenecereeeeeesensesensesesanens 10E-2 
Safety Catch Replacement ......:ccceeceesesecseccerreeeessseeseseseseesssencees 10E-2 
Hood Latch Replacement ........:ceceeeeee eee eceeeceeeesreeeeressccenscccesens 10E -3 
Hood Release Cable Replacement ........sscceeeceeerceeeeserneececsesessersnccss 10E-3 


DESCRIPTION 


The hood assembly consists of a hood panel with reinforcing members, hinges L and R, latches L and R and 
release linkages, a safety catch, and weatherstrip. A hood prop rod is fastened to the radiator support and a cable 
attached to the hood latch release linkage allows the hood to be opened from the driver's seat. 


HOOD ASSEMBLY 2. Disconnect hood release cable at latch bellcrank 
REPLACEMENT (figure 2E). 


vn 


Removal: 
1. Remove screws securing hood release cable 
bracket to hood (figure 1E). 


: 
Ke ¥ 
_ 


Figure 2E 


Figure 1E 


HOOD 10E - 2 


3. Remove screws securing hood hinges to body HOOD PROP ROD 
(figure 3E). REPLACEMENT 


4. Remove hood assembly. 


- Removal: 

1. Release hood and prop open with block of wood. 
2. Remove cotter key securing proper rod (figure 5E). 
3. Remove hood prop rod. 


Figure 3E 
Installation: 
1. Install hood by reversing removal procedure. | } 
HOOD HINGE Figure 5E 
REPLACEMENT Installation: 
(L OR R) 1. Install prop rod by reversing removal procedure. 
Removal: 
1. Remove hood assembly as described previously. SAFETY CATCH 
2. Remove rivets securing hinge to hood panel 
(fqure 4). REPLACEMENT 
3. Remove hood hinge. 
Removal: 


1. Remove bolts and nuts securing safety catch to 
hood panel (figure 6E). 
2. Remove safety catch. 


i 4 
. | Le 


Figure 4E 


Installation: 
1. Install hood hinge by reversing removal procedure. 


Figure 6E 


HOOD 10E - 3 


Installation: 
Install safety catch by reversing removal procedure. 
HOOD LATCH é 

REPLACEMENT agg P 
. | 
Removal: 
1. Remove cap lock securing release rod to latch 5 
(figure 7E). 


Figure 8E 


4 3. Remove strap securing cable sheath to hood 
panel. (figure 8E). 
4. Remove plastic ECM cover. 
5. Loosen jam nut securing hood release handle to 
cable (figure 9E). 


6. Remove hood release knob. 
7. Loosen nut securing cable sheath to ECM bracket. 
8. Remove cable from passenger compartment of 
vehicle. 
Figure 7E 
Installation: 
2. Remove rivets securing latch to hood panel 1. Install cable by reversing removal procedure. 


reinforcement (figure 7E). 
3. Remove latch. 


Installation: 
1. Install latch by reversing removal procedure. 


HOOD RELEASE CABLE 
REPLACEMENT 


Removal: é 
1. Release hood and prop open with prop rod. 


NOTE: Make sure that hood prop rod is properly 
positioned. If hood accidentally closes while cable 
is disconnected, hood will be extremely difficult to 


open. 


Figure 9E 


2. Disconnect cable at latch (figure 8E). 


HOOD 10E - 4 


BLANK 


FRONT PANEL 10F - 1 
SECTION 10F 


FRONT PANEL 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 


CONTENTS 
SUBJECT PAGE 
Description .. cr ccncce sesso cue utiles «we = a. 0 siete aa epe a elmer nea atta getter eli el eatery 10F -1 
Front Panel Assembly Replacement ..........00eccceee cere etre eeeneerenensceenenes 10F - 1 
Grill Replacement ....... ccc cece cece e cece eee e eee eeeeeeesseeeseeeeseereesees 10F -2 


DESCRIPTION 


The front panel houses the grill insert, headlamps (R and L) and combination parking/turn signal lamps (R and L). 


FRONT PANEL ASSEMBLY 4. Pull panel forward until parking/turn signal lamp 
and headlamp wiring connectors are accessibl 
REPLACEMENT a meee wirin e accessible 
Removal: 


1. Open hood. 

2. Remove screws securing front panel assembly to 
front corner castings (figure 1F). 

3. Grasp top edge of front panel and lift upward until 
panel flange clears corner casting. 


Figure 2F 


5. Disconnect lamps (figure 3F). 

6. Pull grill further forward, then upward until it 
disengages lower radiator crossmember. 

7. Remove front panel assembly. 


Figure 1F 


FRONT PANEL 10F - 2 


ry 


Figure 3F 


Installation: 
1. Install front panel assembly by reversing removal 
procedure. 


GRILL REPLACEMENT 


Removal: 
1. Remove front panel assembly as described 
previously. 


2. Remove rivets securing grill insert to front panel 
(figure 4F). 
3. Remove grill insert. 


Installation: 
1. Install grill insert by reversing removal procedure. 


es 4 


Figure 4F 


RADIATOR SUPPORT 10G - 1 
SECTION 10G 


RADIATOR SUPPORT 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 


CONTENTS 
SUBJECT PAGE 
Descriptlon ...cccccccccccccevecsvcwesecee ve seje o Minieletsls ule] y alent staal saigtest etsy 10G - 1 
Radiator Support Replacement... ....... cece cree cree ee ere eee eee e neces eeseseesaes 10G -1 


DESCRIPTION 


The radiator support assembly is composed of four 4. Disconnect air intake duct at radiator suppor 
major subassemblies. These are: the radiator (figure 1G). 


crossmember, which is bolted directly to the frame of 5. Disconnect horn wiring. 
the vehicle, the right and left splash panel assemblies 6. Disconnect front lamp ground wire at radiator 
and the horizontal support. If necessary, the horizontal support. 
support can be unbolted to facilitate engine removal. 7. Remove screws securing coolant reservoir to 
The horn and vapor canister is attached to the support. radiator support. 
8. Disconnect charcoal canister hoses. 
RADIATOR SUPPORT 9. Remove rivets securing side skirts to corner 
castings (figure 2G). 
REPLACEMENT 
1. Remove front corner mirror as described 
previously. 
2. Remove front panel assembly as described 
previously. 


3. Remove hood assembly as described previously. 


Figure 2G 


MPS \ ccm 
Figure 1G 


RADIATOR SUPPORT 10G - 2 


10. Remove rivets securing corner castings to the 
radiator crossmember (figure 3G). 


>) 


Figure 5G 


; 14. Remove front body mount bolts and bushings 
Figure 3G (figure 6G). 


11. Remove rivets securing corner castings to forward 
splash panels (figure 4G). 
12. Remove corner castings. 


Figure 6G 


15. Remove fan shroud and radiator. 
16. Remove radiator support. 


Figure 4G 


Installation: 
43. Remove rivets securing forward splash panel to 1. Install radiator support by reversing removal 
top splash pans (figure 5G). procedure. 


FRONT SKIRTS 10H - 1 
SECTION 10H 


FRONT SKIRTS 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 


torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 


CONTENTS 
SUBJECT PAGE 
Description ..... cece ncccccccccncerccesscsescccscsccessseseseaussoassssssecss 10H -1 
Front Skirt Replacement (Lor R) .... cece cece cece rere eee eee eee e ee eeneneeeseaees 10H -1 


DESCRIPTION 


When assembled properly, the front skirts provide major structural support for the front of the vehicle. Therefore, 
careful removal of the rivets attaching the front skirts to other parts is essential. If the rivets are not removed 
carefully, damage to the rivet holes may result. This could affect the installation of a new skirt and its structural 
integrity. 


FRONT SKIRT REPLACEMENT 6. Remove skirt liner. 


7. Remove rivets and rivnuts securing corner 
(L OR R) stamping to skirt (figure 2H). 


8. Remove rivets securing skirt to A-post (figure 3H). 
Removal: 9, Remove rivets securing skirt to step well closure 
1. Remove A-post seal. panel. 
2, Remove front panel as described previously. 
3. Remove bolts securing mirrors to body. 
4. Remove mirrors. 
5. Remove plastic rivets securing skirt liner to body 


(figure 1H). 


Figure 2H 


Figure 1H 


FRONT SKIRTS 10H - 2 


10. 
11. 


12. 
13. 


14, 


15. 
16. 


Installation: 


1. 


Figure 3H 


Remove rivets securing skirt to dash panel (figure 
4h). 

Remove rivets securing skirt to top splash pan 
(figure 4H). 


Figure 6H 


Figure 4H 


Unplug side marker lamps. 
Remove rivets securing skirt to windshield rail 


(figure 5H). 
Remove rivets securing skirt to corner casting 


(figure 6H). Te 
Remove rivets securing skirt to side sill (figure 7H). 


Remove skirt. 


Install front skirt by reversing removal procedure. 


Figure 7H 


SIDE BODY PANELS 104 - 1 
SECTION 10J 


SIDE BODY PANELS 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 


CONTENTS 
SUBJECT PAGE 
Description 2... cee cuccde ccs 00es swiss sissies win © 0 00 ccm usu aie sn) e)aw aime ete 10J - 1 
Side Body Panel Replacement (L Or R) «1. ee ee eee eect reece reece ener te eeneeeennenes 10J -1 
Side Panel Vent Replacement (L Or R) 1... ee eee ee cece eee eee e eee e eee n eens eeeesaes 10J-4 
Fuel Fill Door Assembly Replacement .........2e eee ee cece ee eeeeee ee eeneeeeenneenes 10J-4 


DESCRIPTION 


The side body panel assembly consists of the side panel skin and reinforcements. A small swing-out vent at 
is mounted in each side panel assembly, and a fuel fill door is mounted in the left side panel. 


SIDE BODY PANEL 4. Remove rivets securing side load retainer to side 
REPLACEMENT (L OR R) panel reinforcements (figure 2u). 


Removal: 
4. Remove side door rear striker and side door as 
described previously. 
2. Remove rear door and track as described 
previously. 
3. Remove rivets securing cargo lamp bracket to roof 
bow (figure 1J). 


a 


Figure 2J 


5. Remove side load retainer. 

6. Remove plastic rivets securing vent door trim to 
side liner. 

7, Remove vent door trim. 

8. Remove plastic rivets securing corner liner to side 
panel reinforcements and rear door post. 


Figure 1J | ye compartment lamp switch (RH side only). 
410, Remove corner liner. 


9, Move corner liner enough to disconnect cargo 


SIDE BODY PANELS 10J - 2 


11. Remove plastic rivets securing side panel liner to 
side panel reinforcements and wheel box (figure 
SJ). 


a Figure 3u - 


Remove rivets securing side panel liner to roof-to- 
side rail (figure 4J). 

Remove side panel liner. 

Remove taillamps and side marker lamp as 
described later. 


LWW 


Figure 4J 


15. Remove bolts securing fuel fill tube to side panel 
bracket (LH side only) (figure 5J). 


Figure 5J 


16. Remove bolts securing rear bumperette bracket to 
rear corner guard (figure 6J). 

17. Remove rear bumprette bracket. 

18. Remove rivets securing rear door post to rear sill 
(figure 6J). 


Figure6J 


19. Remove rivets securing rear door post to transom 
(figure 7J). 


SIDE BODY PANELS 10J - 3 


Figure 7J Figure 9J 


20. Remove rivets securing wheel box to side panel 23, Remove rivets securing side panel to lower door 
(figure 8J). sill (figure 10J). 


ss 


Figure 8J Figure 10J 


21. Remove rivets securing side panel to corner 24. Grasp side wall at wheel opening. 
casting (figure 9J). 25. Pull panel outward and lower side wall assembly. 
22. Remove rivets securing side panel to B-post. 
Installation: 
1. Install side panel by reversing removal procedure. 


SIDE BODY PANELS 10J - 4 


SIDE PANEL VENT lpesaiatiore =, sage | 
. Install side panel vent by reversing remova 
REPLACEMENT (L OR R) procedure. 
Removal: 
1. Remove plastic rivets securing vent door trim to FUEL FILL DOOR 
side panel liner (figure 11¥). 
2. Remove vent door trim. ASSEMBLY REPLACEMENT 
Removal: 
y | a 1. Remove rivets securing fuel fill door hinge to side 
: panel (figure 13u). 
2. Remove fuel fill door assembly. 
Installation: 
1. Install fuel fill door by reversing removal 
procedure. 


- Figure 11J 


3. Remove rivets securing side panel vent to side 
panel (figure 12). 


4. Remove side panel vent. eet 


: | 
Figure 13J 


a 


Figure 12J 


WHEEL BOXES 10K - 1 


SECTION 10K 
WHEEL BOXES 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 


CONTENTS 
SUBJECT PAGE 
Description . 22.00 s ee cates see wb visu ue ee 0 ume nieuw eleiel oils el al eh ttt sa il 10K -1 
Wheel Box Replacement (L or R), Side Panel Previously Removed.........-.2+-seeeeeeees 10K - 1 


DESCRIPTION 


Each wheel box assembly consists of a wheel box panel, forward stiffener, rear stiffener, rear closer body, rear 
closer cap, rear closer clip and a wheel box liner. A wheel box assembly can be removed as a complete unit after 
the side panel on the same side of the vehicle has been removed. If necessary, the separate components of the 
wheel box can be serviced after the wheel box assembly has been removed. 


WHEEL BOX REPLACEMENT NT Peis oe. Ss Oe ee 


(L OR R), 
SIDE PANEL 
PREVIOUSLY REMOVED | 
j 
Removal: | 
1. Remove rivets securing wheel box to bulkhead | j 
stationary panel (figure 1K). 


~~ 
—____ 


"Figure 2K — 


we 


op me ; 3. Remove rivets securing rear closure clip to flo, 
(figure 3K). 


Figure 1K 


2. Remove rivets securing wheel box to floor (figure 


2K). 


WHEEL BOXES 10K - 2 


4. Remove rivets attaching wheel box stiffener to floor 
crossmember. 


5. Remove wheel box. 


Installation: 
| 1. Install wheel box by reversing removal procedure. 


Figure 3K — 


MIRRORS 10L - 1 


SECTION 10L 
MIRRORS 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 


CONTENTS 
SUBJECT PAGE 
Description . ... ooo sis osie'e wlsleluuldlcaulelsleles bs eae ues = olplsinie s olniwieinlatelal este ees 10L -1 
Combination Mirror Replacement (L or R) «1... cece cece etree eee e een enneeeeseeeneees 10L-1 
Front Corner Mirror Replacement.........cceeeeeeee eee cerrnererenersseeseessesess 10L-2 
Rear Corner Mirror Replacement .........2ece cece cece ner e nee reeeeeeeeeeeeeenseens 10L - 


DESCRIPTION 


The USPS LLV is equipped with two different arrangements of mirrors. Vehicles built before body rl | 
0206851 have three outside mirrors; a combination flat/parabolic rearview mirror mounted to the body at each en 
of the windshield, and a cross view mirror mounted on the left front corner of the body. Vehicles built after body 
number 0206851 have seven outside mirrors; individual flat and parabolic rearview mirrors mounted to the body at 
each end of the windshield, a cross view and front parabolic view mirrors mounted on the left front corner of the 
body, and a rear cross view mirror mounted to the left rear roof panel. The mirrors are bolted to the body. Rivnuts 
are permanently attached to the body to allow easy installation and removal of mirror bolts. 


COMBINATION MIRROR 


REPLACEMENT 
(L OR R) 
Removal: 
1. Remove bolts securing mirror to body (figure 1L 
and 2L). 


2. Remove mirror. 


Installation: 
1. Reverse removal procedure. 


Figure 1L (Vehicles built before body number 
0206851) 


MIRRORS 10L - 2 


» Figure 2L (Vehicles built after body number Figure 4L (Vehicles built after body number 
0206851) 0206851) 
FRONT CORNER MIRROR 
REPLACEMENT REAR CORNER MIRROR 
REPLACEMENT 

Removal: 

1. Remove bolts securing mirror to body (figure 3L Removal: 

and 4L). 1. Remove bolts securing mirror to body (figure 5L). 

2. Remove mirror. 2. Remove mirror. 
Installation: Installation: 

1. Reverse removal procedure. 1. Reverse removal procedure. 


Figure 3L (Vehicles built before body number Figure 5L (Vehicles bullt after body number 
0206851) 0206851) 


INSTRUMENT PANEL 10M - 1 
SECTION 10M 


INSTRUMENT PANEL 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 


CONTENTS 
SUBJECT PAGE 
Description ... 0. cece ne nene seer es cer eens scenes ae = wine oom ie ey) eee a este 10M - 1 
Instrument Panel Replacement ..........cceeeeeee cece renee reece ene ceneeeeeeesaes 10M - 


DESCRIPTION 


The instrument panel houses all gauges, indicators, and heater/defroster controls. Adjustable air outlets ar 
incorporated into the left, right and underside of the panel. 


INSTRUMENT PANEL 5. Remove screws securing instrument panel 
REPLACEMENT assembly to dash (figure 2M). 


Removal: 

1. Disconnect battery negative (-) cable. 

2. Set parking brake. 

3. Remove heater control panel. Refer to 
HEATER/DEFROSTER SYSTEM (SEC. 10N-1). 

4. Remove bolt securing instrument panel assembly 
to brake pedal/steering column support (figure 
1M). 


Figure 2M 


6. Position shift lever into LOW (1). 

7. Lift upward and tilt bottom of instrument panel 
assembly rearward (toward cargo compartment). 
Disconnect speedometer cable. 

Disconnect heater air outlets. 


{0 © 


Figure 1M 


— 


INSTRUMENT PANEL 10 M - 2 


10. Remove nuts from hazard lamp and cargo lamp 
switches and remove from instrument panel (figure 
3M). 

11. Disconnect remaining instrument wiring and 
illumination lamps (figure 3M). 

12. Remove instrument panel assembly. 


Installation: 
1. Install instrument panel assembly by reversing 
removal procedure. 


Figure 3M 


HEATER/DEFROSTER SYSTEM 10N - 1 
SECTION 10N 


HEATER/DEFROSTER SYSTEM 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
Parts or system damage could result. 


CONTENTS 
SUBJECT PAGE 
Description 52 fns ci cna ce oe sea ows ieieiere a Coe ee a oi ool oe 10N - 1 
Blower Motor Replacement .............2ccccccccccceneccessereeeserssreresssees 10N -1 
Heater Core Replacement .........0c cece eee c eee r eee eee eee teen ee ennereeeeeesees 10N -1 
Heater/Defroster Plenum Replacement ..........2eee ee ee cee cece eee e eects eee eeenenes 10N -2 
Recirculating Alr Intake Plenum ........-. 2 cece cece eee cere tenet rete nee eee eeenees 10N -3 
Heater Control Panel . 2... ccc n sere cn vee cee ee cesses r seme es sue een 10N -3 
Auxiliary Fan Replacement .........- 20 eee eee cece eee reece reece eee ee eee eeeenes 10N-3 


DESCRIPTION 


The heater/defroster system consists of an air intake _ Installation: 
duct, heater core and housing w/mix door, electric 1. Install blower motor by reversing removal 


blower motor and fan, blower housing, plenum, and procedure. 


adjustable air outlets. 
HEATER CORE REPLACEMENT 
BLOWER MOTOR REPLACEMENT 


Removal: 
1. Drain cooling system. 


Removal: 
1. Disconnect blower motor wiring. 2. Disconnect coolant hoses at heater core. 
2. Remove screws securing blower motor to housing 3. Disconnect temperature and coolant valve control 
(figure 1N). cables (figure 2N). 


4. Remove recirculating air intake plenum as 
explained later in this section. 


3. Remove blower motor. 


HEATER/DEFROSTER SYSTEM 10N - 2 


HEATER/DEFROSTER PLENUM 
REPLACEMENT 


Removal: 

1. Unplug wiring at resistor block. 

2. Unplug wiring at blower motor. 

3. Remove plastic ECM cover. 

4. Disconnect cables from heater/defroster control to 
flapper valves. 

5. Remove screw securing blower motor sleeve to 
heater/defroster plenum (figure 4N). 


Figure 2N 


5. From inside passenger compartment, remove four 
bolts securing heater box to dash — corner bolts 
only (figure 3N). 

6. Remove heater box. 


Figure 4N 


6. Lift sleeve. 

7. Disconnect ducts from plenum to instrument panel 
outlets. 

8. Remove rivets securing plenum to dash panel 
(figure 5N). 

9. Remove plenum. 


Installation: 
1. Install plenum by reversing removal procedure. 


Figure 3N 
7. Remove screws securing heater core to heater 


box. 
8. Remove heater core. 


Installation: 
4. Install heater core by reversing removal procedure. 
2. Adjust temperature and coolant control cables as 


necessaly. 


NOTE: Ensure cables are adjusted to the full closed 
position. 


Figure 5N 


HEATER/DEFROSTER SYSTEM 10N - 3 


RECIRCULATING AIR 4, 
INTAKE PLENUM = 
6. 


Removal: 
1. Drill out six rivets securing air intake plenum to air 
intake grill (figure 6N). 
2. Disconnect control cable. 
3. Push air intake plenum to RH side of vehicle to 
disconnect it from heater box. 
4. Remove air intake plenum. 


ina 
. 


SOOUDORUOUNAN a 


\ 


Figure 6N 


Installation: 


NOTE: Be sure to seal around mating flanges prior to 
installing air intake plenum. 


1. Install air intake plenum by reversing removal 
procedure. 

2. Adjust control cable so that when driver's control 
knob is pushed in fully, the flapper door rod is 
pushed up fully (door closed). 2. 


HEATER CONTROL PANEL 3. 


te 


Pull heater contro! panel rearward. 

Remove screws securing heater and defroster 
cables. 

Disconnect cables from control levers. 


NOTE: Be sure to identify location of cables for 
use during installation. 


7. Remove heater control panel. 


Installation: 
A 


Install heater control panel by reversing removal 
procedure. 


AUXILIARY FAN 
REPLACEMENT 


Removal: 
Disconnect fan connector (figure 7N). 


Figure 7N 
Remove bolts and nuts securing fan to bracket 
(figure 7N). 
Remove fan. 


Installation: 


Removal: 1. 
1. Disconnect blower motor switch. 
2. Disconnect illumination lamps. 
3. Remove screws securing heater controls to 
instrument panel. 


Install fan by reversing removal procedure. 


HEATER/DEFROSTER SYSTEM 10N - 4 


BLANK 


SEATS, SEAT BELTS & MAIL TRAY 10P - 1 
SECTION 10P 


SEATS, SAFETY BELTS & MAIL TRAY 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
Parts or system damage could result. 


CONTENTS 
SUBJECT PAGE 
Description . o.oo. on cue e eivnis dlsieis Wis'h me ns 0 6 0 «0 ow eieiniwiele salem oie pelea 10P -1 
Driver’s Seat and Seat Track Replacement ...........22ce cee ccer cers erenreeseereneess 10P -1 
Driver’s Seat Turntable Replacement .........2 eee eee e cece een enn eenarerenesneress 10P -2 
Passenger/Observer Seat Replacement ........0ceeee eee re en erereeeenereeeeeseesens 10P -2 
Mall Tray Replacement ..........cccce reece cence eens eeeresesecesecesesessesesees 10P -2 
Driver’s Safety Belt Replacement ........0 cece cece eee e ener e een ee creer eeeneesasenes 10P - 


DESCRIPTION 


The driver's seat assembly consists of the driver's seat, seat tracks (L and R), turntable, and seat pedestal. Th 
driver's seat rotates, moves fore-and-aft, and is equipped with retractable lap and shoulder belts. The shoulder belt 
is threaded through a guide that mounts to the roof gusset. The passenger/observer seat assembly (if equipped), 
consists of the passenger/observer seat and the seat pedestal. The passenger/observer seat is not adjustable and 
is equipped with a retractable lap belt and dual shoulder belts. The mail tray assembly bolts to the vehicle floor on 
the driver's left. The mail tray and passenger/observer seat pedestal have the same bolt pattern and can be easily 


interchanged. 
DRIVER’S SEAT AND SEAT TRACK 
REPLACEMENT 
Removal: 


1. Remove bolts securing driver's seat/seat track 
assembly to seat turntable. 

2. Remove driver's seat/seat track assembly. 

3. Remove screws securing seat track (L and R) to 
driver’s seat (figure 1P). 

4. Remove seat tracks (L and R). 


Installation: 
1. Install driver's seat by reversing removal 


procedure. 


CAUTION: Seat attaching bolts/nuts must be 
torqued properly during the assembly process. 
Failure to do so may adversely affect seat 
performance and occupant safety during a 
collision. 


Figure 1P 
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DRIVER’S SEAT TURNTABLE 
REPLACEMENT 


Removal: 

i. Remove driver's seat/seat track assembly as 
described previously. 

2. Remove rivets and _  Obolts’ securing’ seat 
pedestal/turntable assembly to vehicle floor (figure 
2P). 

3. Remove pedestal/turntable assembly. 


Figure 2P 


4. From inside pedestal, remove nuts securing 
turntable to pedestal (figure 3P). 
5. Remove turntable. 


Figure 3P 


Installation: 
1. Install adjuster mechanism by reversing removal 
procedure. 


CAUTION: Seat attaching bolts/nuts must be 
torqued properly during the assembly process. 
Failure to do so may adversely affect seat 
performance and occupant safety during a 


collision. 
PASSENGER/OBSERVER SEAT 
REPLACEMENT 
Removal: 
1. Remove bolts securing seat assembly to floor 
(figure 4P). 
2. Remove seat assembly. 
Installation: 
1. Install seat assembly by reversing removal 


procedure. 


CAUTION: Safety attaching bolts/nuts must be 
torqued properly during the assembly process. 
Failure to do so may adversely affect seat 
performance and occupant safety during a 
collision. 


Figure AP 


MAIL TRAY REPLACEMENT 


Removal: 
4. Remove bolts securing mail tray to floor (figure 
5P). 


2. Remove mail tray. 


SEATS, SEAT BELTS & MAIL TRAY 10P - 3 


i 
Figure 5P Figure 7P 
Installation: 3. Remove nut securing shoulder belt guide to seat 
1. Install main tray by reversing removal procedure. bracket. 
4. Remove shoulder and lap belts. 
5. Remove nut securing safety belt buckle assembly 
DRIVER’S SAFETY BELT to safety ai a aes r 
REPLACEMENT 6. Remove safety uckle assembly. 
Installation: 
Removal: 1. Install safety belt buckle assembly lap and 


1. Remove nut securing lap belt retainer to safety shoulder belt by reversing removal procedure. 


belt post (figure 6P). 
CAUTION: Safety belt attaching hardware must 


be torqued properly during the assembly 
process. Failure to do so may adversely affect 
safety belt performance and occupant safety 
during a collision. 


~ Figure 6P — 


2. Remove two nuts securing shoulder belt retractor 
to shoulder belt support bracket (figure 7P). 


SEATS, SEAT BELTS & MAIL TRAY 10P - 4 


BLANK 


LIGHTS 10Q - 1 


SECTION 10 
LIGHTS 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 


CONTENTS 
SUBJECT PAGE 
Desciiption =. a eee ee vad ede cer deve ce ees ts 9 ge === 10Q -1 
Exterlor Bulb Replacement ..........cc cece ence eee n seer sense eeereeseeseseessese 10Q -1 
Exterior Housing Replacement .........0eccccccccen seer rene eeeeesteaseeeseraessane 10Q-2 
Headlamp Bulb Replacement (L or R) ... eee cece cece ence nee rere renee eee taeeeenenees 10Q-2 
Headlamp Socket Replacement (L or R) ... 2... eee ec ere e cece renee eee e teen enseeseees 10Q -2 
Interlor Bulb Replacement ........ 0 ccc eee r eee e cere nee e nen eresenerewensensansess 10Q - 


DESCRIPTION 


Headlamps are conventional sealed beam units 
mounted in adjustable sockets. It is not necessary to 
remove headlamp bezels to aim headlamps. Side 
marker, turn signal, and brake lamps are mounted in 
flexible, corrosion-proof housings with easily-removed 


lenses. 
EXTERIOR BULB REPLACEMENT re | 
Removal: p\ 
1. Pry out lens with flat-blade screwdriver (figure 1Q). 
| 


CAUTION: Use care not to chip or crack lens 
during removal. 


2. Push bulb inward and turn counterclockwise. 
3. Pull bulb out of socket. Figure 1Q 


Installation: 
4. Install by reversing removal procedure. 
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EXTERIOR HOUSING 
REPLACEMENT 


Removal: 
1. Remove lens as described previously. 


2. Press housing sides inward and pull housing from 


body (figure 2Q). 
3. Unplug wiring and remove housing. 


Installation: 
1. Install housing by reversing removal procedure. 


) Figure 2Q 


HEADLAMP BULB REPLACEMENT 
(L OR R) 


Removal: 


1. Remove screws securing headlamp bezel to front 


panel (figure 3Q). 


2. Remove screws securing headlamp retainer to 


headlamp socket (figure 4Q). 


3. Pull headlamp bulb forward far enough to 


disconnect headlamp wiring. 
4. Remove headlamp bulb. 


Installation: 

1. Install headlamp bulb by reversing removal 
procedure. 

NOTE: Check headlamp - alignment per 


manufacturers instructions. 


tool 


Figure 4Q 


HEADLAMP SOCKET 
REPLACEMENT 
(L OR R) 


Removal: 
Remove headlamp bezel as described previously. 


al 

2. Remove front panel as described previously. 

3. Remove fasteners securing socket to front panel 
(figure 5Q). 

4. Remove headlamp socket. 


| 
> ; e 
| N 
_ Figure 5Q 


Installation: 
1. Install the headlamp socket by reversing removal 
procedure. 


NOTE: Check headlamp alignment per tool 
manufacturers instructions. 


INTERIOR BULB REPLACEMENT 


Removal: 
1. Pry out lens with flat-blade screwdriver (figure 6Q). 


LIGHTS 10Q - 3 


CAUTION: Use care not to chip or crack lens 
during removal. 


2. Push bulb inward and turn counterclockwise. 
3. Pull bulb out of socket. 


Installation: 
1. Install bulb by reversing removal procedure. 


Figure 6Q 


LIGHTS 10Q - 4 


) BLANK 


WIRING SYSTEM 10R - 1 
SECTION 10R 


WIRING SYSTEM 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
parts or system damage could result. 


CONTENTS 
SUBJECT PAGE 
Description «1. cece scece res serewnerscensneesesuuss seus es © 5mm eee 10R - 1 
Rear Body Wiring Harness Replacement .......eeeeeececcccneecsecsenecerrseereures 10R -1 


Front Body Wiring Harness Replacement ........- cece cece cece cee ree reece seeensscues 10R - 
DESCRIPTION | 


The front body and rear body wiring harnesses tie the fuse block, lamps and switches together to form the 
electrical system. These harnesses should be handled and installed carefully so the individual wires are not 


damaged. 


REAR BODY WIRING HARNESS 5. Unplug dome lamp connectors (figure 2R). 
REPLACEMENT 6. Unclip harness at roof side rails. 


Removal: 
1. Disconnect battery negative (-) terminal. 
2. Remove all rear body exterior lamp lenses and 
housing using the procedure described previously. 
3. Unplug bulkhead door for interior lamps. (figure 
1R). 


@ Figure 2R 
7. Remove rivets securing interior lamp toggle switch 
housing to rear corner liner (figure 3R). 
8, Pull out toggle switch and unplug wiring. 


rail (L and R). 


Figure 1R 


4. Unplug rear door switch for interior lamps. 


9. Unplug grommets protecting wiring at roof-to-side 


ee 


WIRING SYSTEM 10R - 2 
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, Figure 3R Figure 5R 
10. Unplug rear harness connector at fuse block FRONT BODY WIRING 
igure 47). HARNESS REPLACEMENT 


11. Cut cement securing harness to windshield frame. 


Removal: 
1. Disconnect battery negative (-) terminal. 
2. Remove front panel as described previously 
3. Unplug headlamps, front side marker lamps, horn 
and parking/turn signal lamps. 
4. Remove bolt securing harness ground wire to 
radiator support (figure 6R). 


Figure 4R 


12. Remove rivets securing front dome lamp to roof 


liner (figure 5R). 

13. Pull dome lamp assembly down and disconnect 
wiring. 

14. Attach string to dome lamp connector to allow 


easy harness installation. 
Feed harness upward and rearward past 


15. 
bulkhead. aids 
416. Remove harness assembly from inside cargo 


compartment. 


Figure 6R 


Installation: 
1. Install wiring by reversing removal procedure. 


WIRING SYSTEM 10R - 3 


5. Disconnect brake warning lamp wire at 6. Disconnect windshield washer pump wire. 
proportioning valve (figure 7R). 7. Remove bolt securing bulkhead connector at 
dash. 

8. Unplug bulkhead connector. 

9, Separate front wiring harness connector from the 
bulkhead connector. 

10. Remove front wiring harness. 


Installation: 
1. Install by reversing removal procedure. 


WIRING SYSTEM 10R - 4 


BLANK 
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SECTION 10S 
ROOF 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
Parts or system damage could result. 


CONTENTS 
SUBJECT PAGE 
Description .....cceccenvrsccccccceseccesccnseuviuis © siv wleiyo\sis)o aieteiniae eaten 10S -1 
Roof Assembly Replacement ........0:ceeececere rece cere serene eereseeseeseseess 10S -1 


DESCRIPTION 


The roof assembly consists of the front nosing, rear transom, corner castings, roof-to-side rails, roof eel 
clip angles, roof bows and roof skin. 


ROOF ASSEMBLY 5. Disconnect driver's safety belt at roof gusset. 
6. Unclip rear body harnesses along tops of side 
REPLACEMENT liners and let harnesses hang. 


7. Disconnect upper brake lamp (figure 2S). 


Removal: 
1. Remove side doors as described previously. 
2. Remove rear door as described previously. 
3. Remove bulkhead door and track as described 
previously. 
4. Remove rivets securing roof crossmember to left 
and right bulkhead stationary panels (figure 1S). 


. } 


4 Figure 2S 
ns 8. Remove windshield as described previously. 


9. Remove seal and plastic rivets securing skirt liners 
to body (figures 3S and 4S). 


Figure 1S 


i: 
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Figure 4S Figure 6S 


10. Remove skirt liners. 12. Remove corner stampings. 
11. Remove rivets securing corner stampings to body 13. Remove forward rivets securing clip angles to A- 
assembly (figures 5S and 6S). posts (figure 7S). 


ROOF 10S - 3 


15. Remove rivets securing roof to rear door posts 
(figure 9S). 
16. Remove roof assembly. 


Installation: 
1. Install roof assembly by reversing removal 
procedure. 


Figure 7S 


14. Remove rivets securing roof to side panel (figure 
8S). 


Figure 9S 


W/W VW 


Figure 8S 
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BLANK 


WINDSHIELD WIPER/WASHER SYSTEM 10T - 1 
SECTION 10T 


WINDSHIELD WIPER/WASHER SYSTEM 


NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the 
correct part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. 
Fasteners that are not reused, and those requiring thread locking compound will be called out. The correct 
torque value must be used when installing fasteners that require it. If the above conditions are not followed, 
Parts or system damage could result. 


CONTENTS 
SUBJECT PAGE 
DeSCFIDtON 2 .u wccsewins cps sce wae seo 5 © 40 0:0 \0/6 alesse) eleie siete rete sate aa atts 10T-1 
Wiper Arm Replacement ......2ccccescscesccucevcnsesntnsevcsccusussecessssseuus 10T-1 
Right Wiper Arm Pivot Assembly Replacement ..........+-2eeeeeees Tete re 10T -1 
Left Wiper Arm Pivot Assembly Replacement ......... eee cee cece cece er ee seseeeeens 10T-2 
Wiper Motor Replacement ..........ccccccccccccnccccseeececncasesessssssscssese 10T-2 


DESCRIPTION 


The wiper system consists of an electric wiper motor and associated wiring, wiper arms with integral washer 
nozzles, wiper arm pivot assemblies, linkage, washer fluid reservoir, electric washer fluid pump and associated 


wiring, and washer plumbing. 


WIPER ARM REPLACEMENT RIGHT WIPER ARM PIVOT 
ASSEMBLY REPLACEMENT 
Removal: 
1. Disconnect washer hose at nozzle. Removal: 
2. Remove nut securing wiper arm to pivot assembly 1. Remove instrument panel as described previously. 
(figure 17). 2. Remove wiper arm as described previously. 
3. Remove wiper arm. 3. Remove clip securing wiper motor linkage to pivot 


assembly (figure 2T). 


VUANA 


Figure 1T 
Figure 2T 


\\\ 


1. Install wiper arms by reversing removal procedure. 


WINDSHIELD WIPER/WASHER SYSTEM 10T - 2 


4. Disconnect wiper motor linkage. 
5. Disconnect cross bar to left pivot assembly. 
6. Lift rubber boot to expose pivot nut (figure 37). 


Figure 3T 


7. Remove nut and screws securing right pivot 
assembly to lower windshield (figure 4T). 


Figure 4T 


8. Remove pivot assembly (from inside vehicle). 


Installation: 
1. Install pivot assembly by reversing removal 
procedure. 


LEFT WIPER ARM PIVOT 
ASSEMBLY REPLACEMENT 


Removal: 
1. Remove heater/defroster plenum as described 
previously. 


2. Remove wiper arm as described previously. 

3. Remove clip securing cross bar to left side pivot 
assembly. 

4. Disconnect cross bar. 

5. Lift rubber boot to expose pivot nut (figure 3T). 

6. Remove nut and screws securing pivot assembly 
to body (figure 4T). 

7. Remove pivot assembly (from inside vehicle.). 


Installation: 


1. Install pivot assembly by reversing 
procedure. 


WIPER MOTOR REPLACEMENT 


removal 


Removal: 

1. Unplug wiper motor wiring. 

2. Remove clip securing wiper arm linkage to wiper 
motor arm. 

3. Remove nut securing wiper motor arm to motor 
shaft. 

4. Remove wiper motor arm. 

5. Remove bolts securing wiper motor to bracket 
(figure 5T). 

6. Remove wiper motor. 


Installation: 
1. Install wiper 
procedure. 


motor by reversing removal 


Figure 5T 


